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PREFACE TO 1941 EDITION 


It is thirty-three years since the first Revised English 
Edition of Bernthsen's Textbook of Organic Chemistry was 
published, and during these years tliis branch of chemistry 
has made enormous advances* The three most marked direc- 
tions of this advance have been (1) in the borderland between 
Physical and Organic Chemistry; (2) in the growth of Bio- 
chemistry; (3) in the development of the industrial and 
manufacturing side. 

The modem conception of atomic structure has led to new 
views on the mechanism of many organic reactions as exem- 
plified in aromatic substitution, tautomerism and co-ordinated 
compounds. It has also entailed the development of the study 
of such physical properties as dipole moments, lengths of 
links and X-ray structure. 

The study of Biochemistry has entailed a closer study of 
fermentations, enzyme actions, food metabolism and the 
functions of vitamins and hormones; also detailed studies 
of products from the animal and vegetable kingdoms, such 
as colouring matters, steroids, alkaloids, kc. 

Fifty years ago the synthetic dye industry was the chief 
manufacture based on organic chemistry. This industry has 
made great strides within the past thirty years, especially as 
regards azo dyestufis and vat dyestufis, but in addition new 
industries have been developed dealing with sjrnthetic fibres 
such as rayon, plastics, rubbers, and synthetic drugs, including 
arsenicals, not to mention oil hardening and fermentation 
industries such as the manufacture of butyl alcohol and 
glycerol. The catalytic use of finely divided metals, metallic 
oxides and salts has also been utilized in the manufacture of 
numerous compounds. 

Attention must also be drawn to the developments in 
Stereochemistry. 

Beferenoes to all these advances have been incorporated in 
this Bdition, which attempts to give a review of the various 
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fields covered by “Organic Chemistry**; it does not claim 
to be in any sense a complete survey. It should be of value 
to honours students and to those contemplating research in 
this branch of Chemistry. 

General works on Organic Chemistry giving much greater 
detail are: 

1. Meyer and Jacobson, Lehrbuch der Orga7iischen Chemie, 
2nd Edition (Leipzig). 

2. V. Grigiiard, Traile de Chirnie Organiqm (Paris, 1935-39). 

3. H. Gilman (Editor), Organic Chemistry: an advanced 
treatise (New York, 1938). 

4. Heilbron, Dictionary of Organic Chemistry (London, 
1934-37). 

5. H. Meyer, Synthese der Kohlenstoff-Verbindungen. 

6. H. Meyer, Analyse und Konstiiutions ErrniUlung Organi- 
schen Verbindungen (Vienna, 1938). 

In addition there are numerous treatises published in Eng- 
lish and dealing with special subjects in this branch of 
chemistry. References to many of these are given under each 
chapter. 

J. J. 8LJDBOROUGH. 

Erminuton, January, 1941. 
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ORGANIC CHEMISTRY 


INTRODUCTION 

Organic Chemistry is the chemistry of the Carbon Com- 
pounds. P'ormerly those compounds which occur in the 
animal and vegetable worlds were classed under Organic, and 
those which occur in the mineral world under Inorganic 
Chemistry, the first to adopt this arrangement having been 
Lemery^ in his Cours de Chiniie (1675). After the recognition 
of the fact that all organic substances contain carbon, it was 
thought that the difierence between organic and inorganic 
compounds could be explained by saying that the latter were 
capable of preparation in the laboratory, but the former only 
in the organism, under the influence of a particular force, the 
life force — vis vitalis — {Berzelius). But this assumption was 
rendered untenable when Wohler in 1828 synthetically pre- 
pared urea, CON 2 H 4 , a typical secretion of the animal 
organism, from cyanic acid and ammonia, two compounds 
which were at that time held to be inorganic; and when, 
shortly afterwards, the synthesis of acetic acid, by the use of 
carbon, sulphur, chlorine, water, and zinc, was effected. 

Since then so many syntheses of this kind have been achieved 
as to prove beyond doubt that the same chemical forces act 
both in the organic and inorganic worlds. 

The separation of the two branches, Organic and Inorganic 
Chemistry, from each other is, however, still retained for con- 
venience sake. In consequence of the great capacity of com- 
bining with one another which carbon atoms possess, the 
number of organic compounds is extraordinarily large, and in 
order to be in a position to study them, it is necessary to have 
a knowledge of the other elements, including the metals. The 
carbon compounds, many of the most important of which 
contain only carbon and hydrogen, or carbon, hydrogen, and 
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oxygen, also stand in a closer relationship to each other than 
do the compounds of the other elements. Partly upon grounds 
of convenience, carbon itself and some of its principal com- 
pounds, such as carbonic acid, which is so widely distributed 
in the mineral kingdom, are treated of under Inorganic 
Chemistry. 

The expressions organic ” and organized ” substances 
should not be confused; organized substances, e.g. leaves, 
nerves and muscles, afid also the life-processes which go on 
in the interior of the organism, are treated of under Physiology 
and Bio-chemistry. 

Of the numerous carbon compounds actually known (some 
350,000) relatively few are found in the vegetable or animal 
kingdom, the large majority are laboratory ])roducts — syn- 
thetic products. Most of the products dealt with in the major 
industries, e.g. aniline dyes, synthetic drugs, explosives, 
synthetic plastics are not found in nature. In the early days 
the compounds isolated from the vegetable and animal king- 
doms were analysed, their molecular weights determined if 
possible, their reactions studied and structural formula^ allo- 
cated and the final process was the confirmation of such 
formulae by synthesis in the laboratory, and, in later years, 
the development of synthetical methods for manufacturing 
the compounds on the large scale so that in many cases the 
synthetic products replaced the naturally occurring compounds. 
Examples of this will be referred to in the case of alizarin 
and indigo. There are, however, numerous natural products 
which so far have not been obtained synthetically, e.g. the 
complex compounds starch and cellulose and the simple 
compound cane sugar. In the latter case syntheses have been 
described but are of no practical importance. 

The chief sources for the preparation of synthetic products are : 

1. Coal, which when subjected to destructive distillation, 
yields as one of the product coal tar, from which benzene, 
naphthalene, phenol, anthracene can be isolated, and these 
are the materials from which dyes, drugs and explosives are 
manufactured (cf. Chap. LIX and LXV). 

2. Crude petroleum, now used as the source for manufacture 
of halides, alcohols, &c. (Chap. I, A.), 

3. Cellulose, used for the manufacture of artificial silk, 
plastics, explosives, &c. 

4. Starch, for alcohol, butyl alcohol, acetone, &c. 
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Constituents of the Carbon Compounds 

Many organic substances are composed of carbon and hydro- 
gen only, and are then termed hydrocarbons, for instance, 
ethylene, benzene, petroleum, naphthalene, and oil of turpen- 
tine; a vast number consist of carbon, hydrogen, and oxygen, 
for instance, wood spirit, alcohol, glycerine, aldehyde, oil of 
bitter almonds, formic acid, acetic acid, stearic acid, tartaric 
acid, benzoic acid, carbolic acid, tannic acid, and alizarin; 
many compounds contain carbon, hydrogen, and nitrogen, 
for instance, prussic acid, aniline, and coniine; as examples 
of compounds containing carbon, hydrogen, nitrogen, and 
oxygen, may be taken urea, uric acid, indigo, morphine, and 
quinine. In addition to these, sulphur, chlorine, bromine, 
iodine, phosphorus, and, generally speaking, the larger number 
of the more important elements, are also frequent constituents 
of the carbon compounds. 

Analysis of Organic Compounds 

The methods adopted for the detection and estimation of 
C, H, N, S, halogens, &c., will be found in any book on Practical 
Organic ■ Chemistry. Within recent years micro-analytical 
methods have become common as they require only a few 
mgs. of material (cf. S. and J., Chap. IV and V). 

The Calculation of the Empirical Formula 

The same principle applies as in the case of inorganic com- 
pounds, i.e. the i)ercentage numbers found are divided by 
the atomic weights of the respective elements, the relative pro- 
portions of the quotients obtained being expressed in whole 
numbers. For instance, acetic acid being foxmd to contain 
40*11 p.c. carbon, 6-80 p.c. hydrogen, and, consequently, 53*09 
p.c. oxygen, the quotients are to each other as 3*34 : 6*^ : 3*32 
= 1:2:1. The simplest analysis-formula of acetic acid would 
therefore be CHjO. Sometimes figures are obtained which 
correspond with equal nearness to Afferent formulaj, between 
which it is therefore impossible, without further data, to choose. 

For instance, a sample of naphthalene yields on analysis 
93*70 p.o, carbon and 6-30 p.c. hydrogen; the quotient 
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proportion here is 7-81 to 6-30 =* 1-239 : 1, which corresponds 
equally well with the numbers 5:4 or 11 : 9. The formula 
C5H4 requires 93*75 p.c. carbon and 6*25 p.c. hydrogen, and 
the formula 93*62 p.c. carbon and 6*38 p.c. hydrogen, 

the deviations from the actual numbers found being in both 
cases within the limits of experimental error. Therefore other 
considerations must be taken into account here, in order to 
decide between the two formulae. 

The formula derived from the results of analyses is termed 
the Empirical Formula, and expresses the simplest numerical 
relationship between the atoms of the elements present. The 
actual molecular formula may be a multiple of this, and has to 
be determined according to special principles. 

Determination of Molecular Weight 

1. By Chemical Methods. 

Our chemical formulae (e.g. CHgO) express not merely a 
percentage relation, but at the same time the smallest quantity 
of the compound which is capable of existing as such, i.e. a 
molecule of it. This molecule is ideally no longer divisible by 
mechanical means, but only by chemical, and then into its con- 
stituent atoms. If the formula CHjO were the correct one for 
acetic acid, then the amount of oxygen (or carbon) contained in 
a molecule would be indivisible, and that of hydrogen divisible 
only by 2. Since, however, it has been observed that one- 
fourth of the total hydrogen in acetic acid is replaceable, e.g. 
by a metal, with the formation of a salt, it is obvious that the 
quantity of hydrogen in the molecule must be divisible by 4, 
and so the formula must contain at least 4 atoms of hydrogen, 
and must therefore be C2H4O2, or some multiple of it. This 
is, in fact, the case. Acetate of silver contains 64-67 p.c. silver, 
and therefore 35*33 p.c. of the acetate radical; or, to 1 atom of 
silver = 108 parts by weight, there are 59 parts by weight of 
the acid radical. This 59, together with 1 atom of hydrogen 
=* 1, makes the molecular weight of acetic acid 60, 2 x 30, 

= 2 X CH2O, « C2H4O2. 

This is a determination of molecular weight by ohemioal 
means. Such determinations are carried out in the case of 
acids generally by means of their silver salts; these are usually 
normal salts, are easy to purify, are almost always free from 
water of crystallization, and are readily analysed. It is, 
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however, absolutely 'necessary to know whother the acid ik mono- 
or poly basic. In the case of a di-, tri-, Sic., basic acid, the above 
calculation must be made with refereiK^e to 2, 3, &c., atoms 
of silver, whereas acetic acid — being monobasic — contains 
only one replaceable atom of hydrogen, which is therefore 
exchanged for one atom of silver. Consequently, its formula 
cannot be a multij)le of C 2 II 4 O 2 . 

In the determination of the molecular weights of Bases, their 
platinichlorides are similarly made use of, these being almost 
alw^ays constituted on the ty]»e of ammonium platinichloride: 
(NH 3 ) 2 H 2 FtClg: i.e. they contain two molecules of a mono- 
acid base such as ammonia combined with one atom of 
platinum. 

To determine the molecular weights of Neutral Compounds, 
derivatives must be prepared and examined for the proportion 
of the t.(^tal hydrogen which is replaceable, e.g. by chlorine. 
For example, by the action of chlorine upon naphthalene, 
there is first formed the substance monochloronaphthalene, 
which contains 73*8 per cent C, 4*3 per cent H, and 21-9 per 
cent Cl, these numbers giving the formula Cj^H^Cl. In the 
same way benzene yields the compound CgllgCl. In both 
these cases the halogen acts by replacing hydrogen, and at 
least one atom of the latter in the molecule must be replaced, 
since fractions of an atom are necessarily out of the question. 
If, then, the compound obtained has the formula Ci^HyCl, it 
follows that ^ of the H present has been replaced by Cl, and 
there must consequently be 8 , 8 x 2, or 8 x 3, &c., atoms of 
hydrogen in the compound, and likewise 10 atoms, or some 
multiple of 10 , of carbon. But a multiple of 8 or 10 may be 
rejected, since no compounds have been observed which would 
indicate the replacement of of the total hydrogen. This 
leads to the formula Cj^Hg for naphthalene, the other possible 
formula got by analysis, viz. C^iHg (see p. 4), being now 
untenable. In a similar way the formula of benzene is found 
to be CgHg. 

2. By Physical Methods. 

The commoner methods used are: 

1 . Vapour density method. 

2 . Cryoscopic method. 

2 . Ebullioscopic method. 

4. Vapour pressure method (for details cf. S. J., Chap. VIII), 
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Polymerism and Isomerism 

The determination of molecular weight is of the first im- 
portance, because different substances very frequently have the 
same percentage composition and therefore the same empirical 
formula, and yet are totally distinct from one another. This 
difference is often due to differences in the complexities of the 
molecules. Thus formic aldehyde, CH2O; acetic acid, O2H4O2; 
lactic acid, CgHgOg; and grape-sugar, C^HigOg, have all the 
same percentage composition; as have also ethylene, C2H4; 
propylene, Cgllg; and butylene, C4TI^. Compounds standing 
in such relation to each other are termed polymers. Very 
frequently, however, substances wliich are totally distinct 
from each other possess both the same percentage composition 
and the same molecular weight; that is to say, these com- 
pounds are made up not only of the same elements, but also 
of an equal number of atoms of these elements; such sub- 
stances are termed isomers or metamers. (See Ethers.) 
Thus, for instance, common alcohol and methyl ether, the 
latter of which is obtained by heating methyl alcohol with sul- 
phuric acid, have one and the same molecular formula, CgllgO. 

The striking phenomenon of isomerism is most readily ex- 
plicable on the assumption that for the molecule of each com- 
pound there is a definite arrangement of the atoms, and that 
this arrangement or grouping is diflfiTent in the molecules of 
the two iaomerides. This difference in grouping may be con- 
sidered as being due to a difference in the linking powers of 
the atoms, as is indicated by the dissimilar chemical behaviour 
of isomers, and explained by the theory of valency. 

Chemical Theories; the Theory of Valency 

After the fall of the Electro-Chemical theory, unitary 
formulae — in contradistinction to the earlier dualistic formulsB 
— were much used; thus alcohol had the formula €411^02 
(using the old equivalent weights). The necessity for com- 
paring substances of complicated composition with simpler 
ones, taken as “ Types had already repeatedly led to the 
propounding of new theories for representing the constitution 
of organic compounds, e.g. the older Type theory (Dvmas)^ and 
the Nucleus theory {Laurent), 
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These obtained a firmer basis through Gerhardt's Theory of 
Tjrpes, which received support more especially from the dis- 
covery of ethylarniiie and other ammonia bases {WurtZy 1849, 
and Hofmann, 1819, 1850), the proper interpretation of the 
formula) of the ethers {Williamson, 1850), and the discovery 
of the acid anhydrides (Gerhardt, 1851). All compounds, 
inorganic as well as organic, were in this way compared with 
simpler inorganic substances taken as Types ”, of which 
Gerhardt named four, viz.: 


H 

H 


HI 

Cll 




H 

H 


N 


Tlie first two of these really belong to the same type, 
the following formulae were arrived at: 


Thus 


III 


Hi Ki C,Ha C,H30i 

al Cll Cl I Cl I 

Potassium chloride Ethyl chloride Acetyl chloride 


Kl 

Hi 


O 


m\\o 

H 


)o 


Potassium hydroxide Nitric acid 


^lo 

K/'-' 


Potassium oxide 


N 


SSllo 

Nitric anhydride 

C,Ha 
H N 
H f 

Ethylaminc 


C,H 
H 
Alcohol 

c,n,r 

Ether 

H N 
H ) 

Acetamide 


C.H,0|o 
Acetic acid 
CjHaOi 

Acetic anhydride 


&.C. &c. Organic compounds could thus, like inorganic, be 
referred to inorganic types by assuming in them the presence 
of Radicals (e.g. ethyl, CgH^; acetyl, CgHgO, &c.), i.e. of groups 
of atoms which ]>lay a part analogous to that of an atom of 
an element, and which can be transferred by double decom- 
position from one compound to another. Thus ethyl chloride, 
CjjHjCl; alcohol, CgH^O; ethylamine, CgH^N; ether, C 4 HJ 0 O; 
&c., were represented as containing the same radical CgHs, 
ethyl, and the close relationship existing between these com- 
pounds now found expression in the type formulae. 

Sulphuric acid, HjSOi, was derived from the double water 
type, thus: 




INTRODUCTION 




and chloroform, CHCI3, and glycerine, CsHgOg, from the triple 
hydrochloric acid and wate^r types: 




(C3H,) 

H, 


0 ,; 


the assumption being made that the radicals (CgHg)', (S 02 )'^ 
(CH)''', and (C 3 H 5 )''' could replace a number of hydrogen atomft 
corresponding with the number of accents (') marked upon 
them, i.e. that they were monatomic, diatomic, &c. To the 
above three types Kekule afterwards added a fourth, of especial 
importance as regards the carbon compounds, viz.: 

m 

^ ; C, Marsh -gas. 

Hi 


It was then found that many compounds could be referred 
equally well to one or another of these tyj)es, methylamine, 
for instance, either to CH 4 or to NH 3 , thus: 


NH 


H 

H r 


H 


CH, 

H 

H 


N. 


The assumption, already mentioned, of the atomic groups 
(radicals) which in these types replaced hydrogen, led further 
to more exact investigations of the chemical value, i.e. the 
replaceable value, of those groups as compared with that of 
hydrogen. In this way chemists learnt to distinguish between 
uni-*, bi-, ter-, &c., valent groups, and, generally speaking, to 
pay more attention to equivalent proportions. 

As the outcome of his researctes upon organo-metallic com 
pounds, Frankland formulated in 1852 (A., 86 , 368) the law 
that the elements nitrogen, phosphorus, arsenic, and antimony 
tend to form compounds which contain three or five equiva- 
lents of other elements. 

KekuU then, in 1857-68 (A., 104 , 129; 106 , 129), proceeded 
to show that a more profound idea (the “ Type idea ”) lay at 
the root of the types themselves, viz. that there are uni-, 
bi-, tri-, and quadrivalent, &c., elements, which possess a corre- 
sponding replacing or combining value as regards hydrogen; 
and that hydrogen is therefore univalent, oxygen bivalent, 
nitrogen tervalent, carbon quadrivalent, and so on. 

With the introduction of the CH^ type by Kekule, and the 
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establishment of the quadrivalent nature of the carbon atom 
accompanying this, were connected the endeavours of Kolbe 
to derive the constitution of organic compounds from carbonic 
acid (according to Kolbe, C2O4, C = C, 0 = 8), by the ex- 
change of oxygen for organic radicals (A., 113 , 293); see also, 
for further details, Kopjp^s “ Entwickelung der Chemie in der 
neuercn Zeit ’’ (Oldenbourg, Munich, 1873), and E. V. Meyer's 

History of Chemistry (Macmillan, 1891), Schorlemnier's 
** Rise and Development of Organic Chemistry ” (Macmillan). 

The qucvstion of the valency of elements, a point which it is 
often difficult to decide in inorganic chemistry, is infinitely 
easier of determination in the case of the carbon compounds, 
because the carbon atom is quadrivalent towards hydrogen as 
well as towards chlorine and oxygen. Since the atom of 
hydrogen, as the unit of valency, is univalent, and, further, 
since the bi valence of the oxygen atom cannot reasonably be 
doubted, the valency of the three “ organic '' elements hydro- 
gen, oxygen, and carbon may be considered as resting upon 
a sure basis, as may also the conclusions drawn therefrom, 
and this all the more since the most important carbon com- 
pounds are made up of those three elements. 

The above are the normal valencies of H, 0 and C, but 
oxygen can be quadrivalent in the oxonium salts (Chap. 
XLIII, A.), and carbon bi- and tcrvalent (Chap. Lll, B.). 

Explanation of Isomerism; Determination of 
the Constitution of Organic Compounds 

The phenomenon known as isomerism is elucidated to a 
great extent by the theory of valency. If two substances 
have the same molecular formula, i.e. both contain the same 
(dements and the same number of atoms of the respective 
elements in their molecules, then the obvious conclusion to 
be drawn is tliat in the two molecules the atoms are differently 
arranged. The methods adopted in determining the manner 
in which the atoms are linked together, or, as it is called, the 
determination of the chemical constitution of the compound, 
is usually based on the following points: (a) The respective 
valencies of the atoms constituting the molecule. A compound 

H\ M 

must have the structural formula H-^C’C^H, or, as 

W 

2 # 


( • 480 ) 
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it is often more shortly written, CIIj-CHa, if each atom of 
carbon is to be represented as quadrivalent, and each hydrogen 
atom as imivalent. Similarly the compound OH4O must be 
H\ .11 

represented as CHa'OH if the carbon atom 

^0— H 


is quadrivalent, the oxygen atom bivalent, and the hydrogen 
atoms univalent. (6) A study of the more important methods 
of formation and of the chemical reactions in which the com- 


pound in question can take part. To select as an example 
ethyl alcohol, If we start from ethane, CHg-ClLj, 

and by the action of chlorine replace one of the hydrogen 
atoms by a chlorine atom, the compound CH3*CH2Cl is 
formed. When this is boiled with dilute alkalis (KOH), it 
gives potassium chloride and ethyl alcohol, C2H5CI f KOH 
C2HgO 1 KCl. From this it is obvious that the univalent 
chlorine atom becomes replaced by an atom of oxygen and 
an atom of hydrogen. This can be readily understood if 
we assume that these two atoms enter in the form of the 


univalent hydroxyl group, — 0 — II, and the constitutional 

IK Al 


formula for ethyl alcohol would then be 11-/0 — CKH or 

IF ^O—II 


CIl3*CH2’OH, This formula is further supported by a study 
of most of the chemical reactions in which ethyl alcohol can 
take part. It can react with metallic sodium, yielding a com- 
pound, sodium ethoxide, CgH^NaO; however much sodium is 
employed, only one of the six hydrogen atoms present in the 
alcohol molecule can be replaced by sodium, and this atom is 
presumably the one differently situated from the remaining 
five, namely, the one attached to oxygen. The presence of 
the hydroxyl, — O — H, group is further confirmed by the 
action of hydrogen chloride or of phosphorus trichloride on 
the alcohol, when an atom of chlorine takes the place of the 
•OH group. 


CHa-CH. OH + HCl » CHa-CH^a «f H OH 
and SCHa CHj OH + TO, » 3CH, CH,C1 + P(0H),, 


Isomeric with ethyl alcohol is the substance known as 
dimethyl ether. Although it has the same molecular formula, 
it differs altogether from ethyl alcohol in its chemical and 
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physical properties. The only other possible method of link' 

Hv AI 


ing up the atoms 2C, 6H, and 0, is H-yC — 0 — Cv H, in 

IV 


which the two carbon atoms are not directly united to one 
another, and in which the six hydrogen atoms are all similarly 
situated. The chemical reactions of dimethyl ether are in per- 
fect harmony with this constitutional formula. It does not 
react with metallic sodium, and hence presumably does not 
contain an 'OH group. When acted upon by hydriodic acid, 
under suitable conditions, the molecule is ruptured, as repre- 
sented by the following equation : 


CHj O CH3 4 HI - CHal + CH^ OH. 


Similarly, whenever the oxygen atom is removed a rupture 
of the molecule occurs, and the two carbon atoms in the mole- 
cule become separated. 

The constitutional formula for acetic acid is written 

y® . 

H-7C — CC . This formula corresponds perfectly with 

^0— H 

the chemical behaviour of acetic acid and explains the fol- 
lowing facts: (a) that one of the hydrogen atoms of the acid 
possesses properties different from those of the three others, 
the first-named being easily rejdaceable by metallic radicals; 
(b) Miat the two oxygen atoms behave differently, not being 
equally readily exchangeable for other radicals; (c) that dif- 
ferent functions appertain to the two carbon atoms, so that 
one of them — being already joined to two atoms of oxygen — 
easily give rise to carbonic acid, while the other — connected 
as it is with three atoms of hydrogen — readily passes into 
methane or methyl compounds. 

On account of the innumerable cases of isomerism which 
have been observed, simple molecular formulje alone are in 
most cases insufficient for the discrimination of organic com- 
pounds; it generally requires the constitutional formulae to 
give a clear idea of their behaviour and of their relations to 
other substances. Careful study has made it possible within 
the last few decades to find out the mode in which the atoms 
are combined in the molecules of most organic compounds, and 
from this to deduce new methods for their preparation. The 
constitutional formulae thus arrived at are sometimes simple, 
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sometimes, however, complicated, as, for instance, in the cases 
of citric acid and grape-sugar (Chap. XI, B., and XIV, A.). 

Rational Formulae 

Great latitude is permissible as regards the mode of writing 
constitutional formulae, according to the particular points 
which it is desired to emphasize. A formula on paper is not 
as a rule intended to represent the symmetrical or spatial 
arrangement of the atoms in a compound. 

A shortened constitutional formula, which indicates more 
chemical relations than an empirical one does, is called a 
ratujiial formula; e.g. CjH^OH, alcohol; (0113)20, methyl 
ether; acetic acid, 

CH 3 — Cf , CH 3 CO OH, CHjCOgH, (CHjCO)OH. 

^OH 

CjHaO OH, H(C3H303); andsoon. 

Types of Carbon Compounds 

The following generalizations have been reached as the 
result of the study of carbon compounds: 

1. The carbon atom is normally quadrivalent. 

2. The four valencies in a compound like CH4 or CCI4 are 
all equal. A compound CHgX exists in only one form; no 
isomeride is known. The equality in the case of CH4 was proved 
by Henry, who replaced each of the 4 H atoms (1, 2, 3 and 4) 
by NOg and obtaining only one compound, CH3*N02, which- 
ever H was replaced. The method is outlined in the following 
4 series of reactions: 

(a) CH 3 CI CHa-NOg. 

{b) CH 3 CI -> CH 3 CN CHa-COaH CH^acCO^H) 

CH2(N03)(C03H) -> CHa-NOj. 

(c) CH 3 CI CO 3 H -> CH 3 (CN)C 03 H -> CHCl(CN) CO,H 

siaoda slora a lorl 3 

CHCl(COjH), CHjCl COjH -> CH,(NO,) CO,H -+ CH, NO.. 

a lu>d2 3 l.nd3 4 l.Suda '4 

(d) CHCl(CO,H)s CH(CN)(COsH)j -4- CH(CO,H), CHfCO^Kt), 

CCl(CO»Kt), (Xa(COjH), CH,C1C0,H -4. CH,(NOj) CO,H 
CHjNO,. 
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The same product is obtained in all 4 cases. The reactions 
involved above are replacement of H by Cl by direct chlorin- 
ation, replacement of Cl by CN or by NOg by action of alco- 
holic KCN or KNO 2 ; hydrolysis of CN to COgH by alkali, 
elimination of CO 2 from COgH by heating. 

3. The four groups attached to the central carbon are 
arranged spatially and not in a single plane (Chap. VI, Valeric 
Acid). 

4. The groups attached to the central carbon atom cannot 
be readily interchanged. That such changes can occur is 
proved by the racemization of optically active compounds. 

5. Unless direct proof to the contrary is available it is con- 
cluded that in reactions such as those mentioned in section 2, 
the group introduced takes the place of the group replaced. 
(See Chap. XXXVIII, Molecular Rearrangement). 

6. Several carbon atoms can be connected together by either 
one, two, or three valencies (see p. 51): C-C, C:C, C-C. 

7. Similarly three or more carbon atoms may be united, 
forming in this way the so-called “ carbon chains (see p. 31), 
thus: 


C C C C; c c crc c c; c: 



The number of the atoms so linked together may be very 
large — in some cases probably several hundreds. 

8- These carbon atoms form either open or ring-shaped 
closed chains. 

Open chains are those which have separate constituent atoms 
at either end, as in (7). In closed chains or rings, on the con- 
trary, the first and last constituent atoms are linked together 
(although there may at the same time be subsidiary branches 
from them), thus; 






9. The atoms of other elements, with the exception, of 
course, of univalent ones, may likewise take part in the 
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formation of such cliains, botli open and closed; for example: 


c—a C— C. 

>N; I NS; 
C—C/ C— c/ 



The above figures (the hexagon, &c.), which are made use 
of to represent such chains or rings, are merely meant to be 
pictorial and not geometrical; the question of the spatial 
arrangement of atoms in compounds is dealt with later. (See 
Active Valeric Acid, Chap. VI, A,) 


Atomic Structure, Valency and Types 
of Linkings 

The following is a list of nine elements of low atomic weight 
from which the great mass of carbon compounds are derived. 



At. Wt. 

At. No. 

Arrantjcrncnt of Electrons in Shells 

H 

1 

1 

1 

C 

12 

0 

2.4 

N 

14 

7 

2.5 

0 

16 

8 

24) 

Na 

23 

11 

2.8.1 

Mg 

24 

12 

2.8.2 

P 

31 

15 

2.8.6 

S 

32 

16 

2.8.6 

Cl 

355 

17 

2.8.7. 


The third column gives the atomic number of the element 
in the order of increasing atomic weight and represents the 
number of electrons surrounding the central positively charged 
nucleus. These extra-nuclear electrons are arranged in shells, 
outer, intermediate and inner, and it is the number of elec- 
trons in the outer or valence shell, i.e. the figure to the ex- 
treme right in column 4 which decides the valency and type 
of compounds the element will form. 

When these electron shells are compared with those of the 
inert gases of low atomic weight, viz. helium, neon and argon, 

He 4 2 2 

Ne 20 10 2.8 

Ar 40 18 2.8.8 

it is clear that the difference between the chemically active 
elements and the inert gases lies in the number of electrons in 
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the outer shell. Not one of the active elements has the stable 
arrangement 2 (helium) or 8 (Ne and A) in the outer sphere. 
The chemical reactions in which the other elements take part 
consist in absorbing or discarding electrons so that in the 
compounds formed the outer shell of each atom has 8 elec- 
trons. This may be brought about by the different types of 
links. 

1 . Electro-valency links which are those met with in ionizable 
compounds. In the combination of sodium and chlorine the 
Na gives up its one electron in the outer sphere to the chlorine, 
then both atoms have outer shells of 8 electrons, but by losing 

4- 

an electron the Na becomes positively charged Na and the Cl 
by receiving an extra electron becomes negatively charged Cl. 

2Na -t Cl, 2Na -f 2Ci 
Mg + Cl, -> Mg -f 2Cl. 

In the latter case the Mg loses 2 electrons, one to each 

•4- f — 

chlorine atom and here again Mg and Cl have the stable octet 
of electrons. In these compounds, electrolytes for all practical 
purposes, the ions react as individual molecules and are held 
together by electrostatic forces only. 

Characteristics of Eleclrovalent Compounds. 

(а) X-ray diffraction methods applied to crystals show that 
in the solid salts the molecules, e.g. NaCl, do not exist, but 

that the crystals are built up of two interpenetrable lattices 

+ — 

due to the individual atoms or ions Na and Cl. 

(б) In suitable solvents or in the molten state the com- 
pounds exhibit a high degree of electric conductance, as the 
restraining forces of the crystal lattice are no longer effective. 

(c) Relatively high boiling-points. 

(d) Soluble in associated solvents, particularly those con- 
taining hydroxyl groups. 

2. CovBlency Hnks are those commonly met with in carbon 
compounds. Simple examples are the chlorine molecule and the 
methane molecule. According to G. N. Lewis two atoms can 
unite in such a manner that each shares an electron of its 
outer shell with the other, and such shared electrons count 
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towards the outer shell of each and in this way each atom 
attains the stable octet structure. Thus Cl has 7 electrons 
in the outer shell, but in the molecule, Clg, each atom shares 
one electron with the other and each shared electron counts, 
so that each of the combined atoms has the stable shell of 
8 electrons (6 unshared and 2 shared). Similarly, with methane, 

H 

:ci:ci: h:c:h 

H 

the carbon has 4, and each hydrogen 1 electron in their outer 
shells, but by each H sharing an electron with C and C sharing 
one of its four with each H, the H attains the stable helium 
structure and the carbon the stable octet of neon. 

The elements in such covalency union are usually, although 
not always, electro-negative, and the links are, as a rule, not 
readily ionizable. In this type of union the sharing of elec- 
trons is always in pairs — one electron coming from each of 
the two atoms involved — and is the common type met with 
between C and C, C and H, H and 0, C and N, C and 0. 

In later chapters many examples of compounds in w^hich 
carbon atoms are linked by two, or even three, bonds are de- 
scribed (Chap. I, B. and C.). In the majority of cases these 
bonds are covalency links, and each of the 2 or 3 bonds is 
formed by the sharing of two electrons — one from each of the 
two atoms, e.g,: CgH^, ethylene, 

H. .H 

! 0 : 0 i 

H’ * 'H 

All compounds with covalent links can be depicted by such 
formulae, each dot representing an electron in the outer shell 
of an element, and if any such electrons are unshared they 
can also be represented, e.g. NHj: 

H 

:n:h 

H 

indicating that each H is attached to N by a covalent link, 
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but that the N still has two unshared electrons (a lone pair). 
With more complex compounds this method of representation 
becomes cumbersome, and the English method of represent- 

H M 

ing a covalent link is by a straight line so that 

jj/ \jj 

can be used to represent the structure of ethylene on the 
covalent link basis, and similarly for all other compounds 
with covalent links; if lone pairs of electrons (unshared dec- 
trons) are present each pair can be represented by a straight 

line ; thus ammonia is wntten — N<~H, and it is seen that each 

hydrogen has the stable duplet (of helium) and the nitrogen 
the stable octet (of neon). 

Another method is to indicate the unshared electrons of 
the outer shell by a small number at the upper left-hand of 

the symbol, e.g. 

\h 

The oxygen molecule can be represented as —0=0= or 
*0=^0 and the nitrogen molecule as — N=N — or 
the compounds CHg-OH and CHg-NUg as 


H.. H. 1 

h:c:o:h or 

jj- h/ I 


-H or 

h/ 


HH 


HH 

and CH 3 CO OH as 
H 

h:c : c‘ 

H 






If 


0\ H 
or n 




‘o' 


H 




or 


H^C-< 


H- 








No compounds containing two atoms united by 4 covalent 
links are known. 
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Characteristics of Covalent Compounds, 

(а) Usually built up of electro-negative elements, i.e. a 
metal is rarely attached to another atom by a covalent link. 

( б ) Usually soluble in non-associated solvents with low 
dielectric constants. 

(c) The union implies a definite directional bond and hence 
stereo-isomerism is possible, thus C and H in Cll^ have four 
shared pairs of electrons, and the most symmetrical arrange- 
ment is one pair at each corner of a regular tetrahedron and 
hence the three-dimensional arrangement of carbon com- 
pounds. 

{d) Relatively volatile. 

According to Lewis there is not a hard and fast line of 
division between the electrovalent and the covalent link. 
In the ideal covalent link the sharing of the two electrons 
between the two atoms is equal, and lienee no disturbance 
of the electric distribution occurs; this is true of H 3 C — CHg, 
where there is no reason for one carbon atom to have a larger 
share in the distribution than another as the molecule is sym- 
metrical. In other cases there must be unequal sharing due 
to the influence of different groups attached to the two atoms 
or to the atoms themselves being different, e.g. C and N, and 
finally a state is reached when an electron passes from one atom 
to the other and an electrovalent link results. Unequal sharing 
leads to uneven electrical distribution and dipole moments 
are set up (Chap. LXXI, G.). 

3. Semipolar links {Lowry), 

It has been stated (p. 16) that in most cases where two 
carbon atoms are doubly linked as in the olefines the union 
is by means of two covalent links and in many cases double 
bonds between C and 0, C and S, C and N consist of two 


covalent links. In some cases, however, the union is more 
complex and consists in one covalent link and one electro- 

valent link and is represented as — C<^ , ^s-o. 


Semipolar links in the case of C—C bonds or C— 0 bonds 

would be unstable as the or — 0 entails C atoms 

with an outer sheath of six electrons whereas the ordinary 
dicovalent formulae give the stable octet for the C and 0 
atoms involved. With the 8=0 link, however, as typified in 
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the sulphuric esters, the double bond formula should be the 
unstable form as it entails an S atom with an outer sheath of 
10 electrons whereas the semipolar formula provides the S 
atom with the stable octet. 

liv Ik + - 

R'__iO/ R'Q/ 

Additional evidence for the semipolar formula is available 
(cf. Chap. L, E.). 

It is clear that the introduction of the electro valency in 
place of one of the covalencies disturbs the electric balance 
of the molecule; the molecule as a whole remains electrically 
neutral, but the distribution of the positive and negative 
charges is clearly not uniform, and hence dipole moments 
will arise (cf. Chap. LXXI, G.). 

From a stereochemical standpoint the semipolar link is 
equivalent to a single covalent link, and hence the loss of 
rotation due to a double bond no longer holds. 

4. Co-ordinate links (Sid^mck), 

On comparing the electronic formulae of a number of simple 
compounds, it is found that there is a group in which one of 
the atoms, although having a stable octet, has not utilized 
all its available electrons; a typical example is ammonia 
NH3 

Hv Me^ 

>*N— H >B™Me 

Me/ 

in which the nitrogen atom shell has a pair of lone electrons. 
A second group exists, e.g. BMe 3 * in which there is an atom 
in which all the available electrons are engaged, but which 
has not a full octet. It is clear that the nitrogen atom can- 
not form any more covalent links if it is not to exceed the 
octet, but it has two electrons available; on the other hand, 
the B atom has no electrons available for forming more co- 
valent links, but is two short of the stable octet. A union, 
involving two electrons, between the N and B atoms could 
take place if both electrons were derived from the nitrogen 
and then both N and B would have the stable octet. Six of 
the links in the compound would be covalent links, viz. 
3N — H and 3Me — B, but the 7th link, viz. between B and 

• M« represents methyl group — CH*. 
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N, would be of a different t 3 ;^)e formed by two electrons both 
derived from the same atom (N) which is termed the donor; 
the link is called a Co-ordinate link, and is denoted by . 
The arrow points from the donor to the acceptor, and the 
compound 

Al 

H 

Mo/ \H 

is termed a co-ordinate compound. 

Compounds with such links are very common, and many 
types are discussed in Chap. XL VI. 

It is clear tliat the C atom in a compound like methane can 
act as neither donor nor acceptor as its 4 electrons are all 
utilized and it has the complete octet. 

Typical donors are (i) 3 covalent N in ammonia and 
amines; (ii) 2 covalent 0 and S in water, alcohols, ethers, &c. ; 

(iii) F in hydrogen fluoride and 1 covalent iodine. Typical 

+ 

acceptors are (i) Proton (H) which can unite with water 
and other oxygen compounds to give oxonium salts, with 
ammonia to give ammonium salts; (ii) 3 covalent B and its 
alkyl and habde derivatives; (iii) 2 covalent Mg and Zn and 
their alkyl derivatives. 

It is to be noted that the stable octet is never exceeded in 
the case of elements of the first period. Where a covalent 
structure for a compound would produce a number greater 
than 8 it is usual to represent, where possible, certain links as 
co-ordinate links, e.g. the nitro group attached to carbon: 



According to formula I, the C and 0 atoms would have a 
stable octet (each 0 having 2 pairs of unshared electrons), 
but the N would have an outer shell of 10. Writing this with 
a co-ordinate structure II, all atoms C, N and 0 have the 
stable octet. 

Similarly, (CH3),S0, is written: 
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The presence of co-ordinate links always disturbs the 
electric balance and produces compounds with pronounced 
dipole moments. 

Co-ordinate links account for the association of many 
organic oxygen compounds and for the physical properties 
of certain substituted phenols and jS-ketonic esters (Chap. 
XLVI, B ). 

For all practical purposes the semipolar double link and 
the co-ordinate link are identical. 

1 . They do not function between carbon atoms, but usually 
between 0 and N or S and N or 0 and metal. 

2. Their presence is always accompanied by electric dis- 
turbances (polar moments). The limit is reached when the one 
element has a distinct negative charge of one electron, e.g. 
the acceptor sharing equally the two electrons provided by 
the donor, and the other atom a corresponding positive charge. 

(3) From the stereochemical point of view they are equiva- 
lent to a covalent link. 

5. Singlet link (Pattling, 1931). 

A union of two atoms by means of a single electron first 
suggested by PauUrig has been adopted by Sugden from a 
study of certain farachors (Chap. LXXI, H 2 ) and also to 
obviate the necessity of increasing the outer sheath of electrons 
of some simpler elements beyond the stable 8 . 

Thus PClg unites with Cl^ given PCI 5 . If the two extra 
chlorines become attached by 


I. 


/•Cl 

•€! 

\«C1 


II. 


•Cl. .•Cl 
•CK \*ci 


III. 


’Cl 

’Cl 



covalencies as in II, then the P atom has an outer sheath of 
10 electrons, whereas if the union occurs by means of two 
singlet links each derived from phosphorus and denoted by 
a structure in which the P atom has a stable octet is 
obtained. 

Many chemists do not accept this view, and prefer an in- 
crease in the outer sheath of simple elements beyond 8 . 

The hydrogen molecule Hj which occurs in a vacuum tube, 
involves a singlet link as there is only one electron to unite 
the two hydrogens, 

Samuel (1927) does not accept either singlet or co-ordinate 
links. He considers that in all cases there is a sharing of 
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electrons in pairs, but that the degree of sharing varies con- 
siderably in different types of compounds, in moist HCl it is 
practically nil, but in dry IICl it is large, and such unayni- 
metrical molecules develop dipole moments. Symmetrical 
molecules, e.g. OI2, are non-polar. These are the extreme typos, 
and all compounds fall between these extremes. 


Homology 


In the study of carbon compounds it is customary to group 
together all the compounds with similar chemical structure 
and similar chemical properties, and to arrange the members 
of such a group, or homologous series as it is termed, according 
to the order of their molecular complexity, i.e. according to 
the number of carbon atoms contained in the molecule. 

For example: 


Paraffins 
CH4 methane 
CjHj ethane 
CsHe propane 
CiHjo butane 


Fatty acids 
ClljjO, formic 
€211403 a^‘etic 
C3H4O2 propionic 
C4Hg02 butyric 


It is found that in any such homologous series a number of 
generalizations can be drawn. Some of the more important of 
these are: 

1. For each homologous series a general formula can be 
written which will represent the composition of all the members 
of the series ; for example, the general formula for the paraffins 
is CnH2n^2» for the saturated fatty acids Cj|H2ii02. 

2. If any particular member in a series is selected, it is 
found to differ in composition from the member immediately 
preceding, and also from the one immediately succeeding, it by 
a definite amount, namely, CHg. Or, expressed in other words, 
any member of the series may be regarded as derived from 
the member immediately preceding it by the introduction of 
a methyl group, -CHg, for an atom of hydrogen. It follows, 
therefore, that all the members of the parafl^ series may be 
regarded as derived from CH4 by the addition of a given 
number of CHg groups, and the general formula is for this 
series CH4 + a^CHg, or more simply 

3 . The chemical properties of the different members of the 
series vary but slightly, so that a description of the chemical 
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properties of any one member may be taken, as a rule, to 
apply to the other members. 

4. In studying the physical properties, well-marked grada- 
tions are observed as the number of carbon atoms increases. 
In the case of liquids, the boiling-point is found to rise as the 
complexity of the molecule increases. In certain series, e.g. 
the paraffins, the first few members are gases, then follow 
liquids with gradually increasing boiling-points, and ultimately 
solids with extremely high boiling-points. Other physical 
data, such as melting-point, specific gravity, solubility, &c., 
are affected in very much the same maimer. 

In the paraffin series the grouping of the carbon atoms 
must be conditioned by themselves, since hydrogen, as a 
univalent element, cannot be the cause of it. In all the 
higher hydrocarbons the carbon atoms are therefore combined 
together in the form of a chain, as shown in the following 
graphical representations: 

C C 

C, C, C*C'C C, or C C; and so on. 

c c c 

in Call# in (yij in C^Hjo 

The different methods of grouping give rise to Isomers. (See 
Hydrocarbons of the Methane Series.) 

Law of Even Numbers of Atoms. — The number of hydrogen 
atoms in the above hydrocarbons is always divisible by two. 
Should they therefore be partially replaced by other elements, 
the sum of these latter, if their valencies are expressed by odd 
numbers, e.g. Cl, N, and P, and of the remaining hydrogen 
atoms taken together must, as a necessary consequence of the 
law of equivalent proportions, remain an even number. 


Radicals 

According to Liebig^ radicals were groups of atoms capable 
of a separate existence, which played the parts of elements, 
and, like these latter, could combine among themselves and be 
exchanged from one compound to another. 

Later on, the postulate that such radicals must also be 
capable of existing in the free state was allowed to lapse, and 
they were frequently defined shortly as “ the residues left un- 
attacked by certain decompositions 
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Now, however, it is usual to designate as radicals only those 
atomic groups which are found repeating themselves in a 
comparatively large number of compounds derived from one 
another, and which play in these compounds the part of a 
simple element, e.g. CHg, methyl; C2H3O, acetyl; by this defi- 
nition the question of their existence or non-existence in the 
free state does not arise. Free radicals like triphenylmethyl, 
0(03115)3 were detected in 1900, and free methyl and ethyl 
in 1929 (Paneth). Some of these have an extremely short life 
and tend to unite to form e.g. ethane, Ollg-OIIj and n*butane, 
(cf. Ohap. Lll, B.). In addition to univalent radicals 
like methyl and acetyl, bivalent, e.g. O2H4, ethene, and ter- 
valent, e.g. O3H5, glyceryl, are also known. The monovalent 
residues, (methyl, ethyl, &c.), which form the radicals 

of the monovalent alcohols, O^Hiju+iOH, are frequently 
termed alkyls, or alphyh, while the divalent residues, 
are known as alkyle 7 ies. 

At the present time it is also customary to speak of single 
atoms as radicals; e.g. we have the chloride or iodide radical, 
and further, the hydrogen radical which is characteristic of 
acids. 


Glassification of the Hydrocarbons, &c. 

Most of the hydrocarbons so far mentioned are termed 
“ saturated compounds, since they cannot take up more 
hydrogen. Other hydrocarbons are poorer in hydrogen, 
“ unsaturated ”, e.g. CjH^, ethylene, and C^Hg, acetylene, 
each of which is the first member of a homologous series. 

The constitution of these is explained, as will be seen later, 
by the assumption of a double or triple bond between neigh- 
bouring carbon atoms, for instance: 

C,H4 is written I OH„ 

C,H, is written GHJCH. 

From these hydrocarbons, as starting-points, numerous 
substitution products, such as alcohols, aldehydes, ketones, 
acids, amines, &c., are derived by exchange of the hydrogen 
for halogen, oxygen, nitrogen, &c. 

To another class of hydrocarbons belongs that most impor- 
tant compound, benzene, C3H3, which contains eight atoms of 
hydrogen less than hexane, C3H14, and which is regarded as a 
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closed chain of six carbon atoms. (See Benzene Derivatives.) 
From benzene are derived an immense number of homo- 
logous and analogous hydrocarbons, also substitution pro- 
ducts, alcohols, aldehydes, acids, and so on. Thus benzene, 
like methane, is the mother substance of numerous organic 
compounds. 

A closed (ring) chain is characteristic of numerous other 
compounds, e.g. : 

(а) Trimethylcne, CgHg: Tetramethylene, C4H8; andPenta- 
methylene, 

(б) Pyridine, C5H5N, a strongly basic nitrogenous com- 
pound, but one which at the same time resembles benzene 
closely in many respects. 

(c) Furane, 041140; Pyrrol, C4H5N; Thiophene, C4H4S; 
Pyrazole, C3H4N2; Thiazole, C3H3NS; &c. 

Some of these latter compounds closely resemble benzene, 
others pyridine ; several of them are as yet only known in the 
form of derivatives. Like benzene, they are all mother-sub- 
Btances of — in many cases — long series of compounds. 

Organic chemistry is therefore divided into the following 
sections : 

1. Chemistry of the Methane Derivatives, Fatty Compoimds, 


Aliphatic or Acyclic Compounds (from dAot<^7;, fat), so called 
because the fata and many of their derivatives belong to this 
group. This section comprises all carbon compounds wdth 
open chains. A few compounds, which are really closed-chain 
or ring compounds, will be mentioned in this section on account 
of their close relationship to certain open-chain compounds; 


CHjCO. 

e.g. succinic anhydride I ^0 

CH«-CO/ 


, which is formed by the 


elimination of water from succinic acid, OH-CO CHg'CHa* 


COOH. 


2. Cyclic or closed-chain compounds. This section is usually 
divided into two sub-sections. 


(a) Chemistry of the carbocydic compounds, which comprises 
the study of all compounds built up of a ring of carbon atoms. 
As examples we have 



Trim«thyleiM 



HCOgH, 


T«tramethylen« carboxylic 
add 


CHi 


di:cH 

CHCH‘ 

Benxena 
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(6) Chemistry of the heterocyclic compounds ^ comprising the 
study of all ring compounds which contain other atoms, in 
addition to carbon atoms, as part of the ring, e.g. 


CH.'CHv 

ckrcH^’ 

Furane 


ciirciD 

I >. 

CH :civ 

Thiophene 


.CH:CfL 

Cll/ >N, &0. 

Pj-ridinc 


Physical Properties of Organic Compounds 

The physical properties of organic compounds are often of 
the greatest importance for their characterization, and physical 
data are frequently made use of in determining the purity of 
a chemical compound, as the pure compound has a detinite 
melting-point or boiling-point, a definite sp. gr. and a definite 
solubility in a given solvent. The presence of a small amount 
of an impurity lowers the melting-point appreciably and also 
raises the boiling-point. Other physical characteristics of 
value are the absorption spectrum, the X-ray spectrum and the 
dipole moment (cf. Chap. LXXI). 

Solubility. — The carbon compounds vary enormously as 
regards their solubility in various solvents. As a rule, a given 
solvent dissolves those substances which are cheTnically closely 
allied to it. Thus water tends to dissolve hydroxy lie com- 
pounds, especially if there are several hydroxy groups in the 
molecule, e.g. mannitol, glucose, and pyrogallol. 

Benzene tends to dissolve most hydrocarbons, and ether 
dissolves the majority of simple organic compounds, with the 
exception of salts of acids. 

Details for determining solubility of solids in liquids, sp. 
gr., m.-pt. and b.-pt. are described in S. J., Chap II. 

The methods adopted to purify organic compounds are: 

1. Crystallization from a suitable solvent. 

2. DistiUation, fractional distillation or distillation in steam. 

3. Distillation under reduced pressure. 

4. Extraction of an aqueous solution with ether or other 
solvent not mixable with water. 

5. Sublimation. 

For details of these operations, cf, S. J., Chap I. 

In connexion with these methods of purification several 
points of interest arise: 
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1. Crystallization. — It dues not necessarily follow that the 
product is a pure compound if its melting-point is quite sharp 
and not affected by repeated crystallization from the same 
solvent. Mixed crystals of two isoniorphous compounds may be 
present and cannot be separated by crystallization from a 
given solvent, but may sometimes be separated by chemical 
methods. 


2. Fractional Distillation. — When the two liquids comprising 
the mixture form a mixture of fixed boiling-point and below 
that of either constituent, complete separation is impossible 
as this mixture distils over first when much of the higher 
boiling compound is present, and finally the excess of the 
latter. A well-known example is the aqueous solution of 
alcohol where, using the most effective rectifying column, the 
product is the constant boiling mixture containing 95*6 per 
cent of alcohol by %veight (cf. Ethyl Alcohol, Chap. Ill, A.). 

3. Steam Distillation,— The rapidity witli which a given 
substance distils with steam depends on the vapour pressure of 
the substance at the given temperature, and also on its mole- 
cular weight or vapour density compared with that of w'ater. 
Thus a mixture of nitro- benzene and \vater, W'hieh may be 
regarded as non-niiscible liquids, boils at 99^"; i.e. the vapour 
pressure of the mixture at 99^" is 760 mm. The vapour pressure 
of water at 99"^ is 733 mm., and therefore the partial pressure 
of the nitro benzene is 27 mm. In a given volume of the mixed 


733 27 

vapours will consist of steam and of nitro-benzene. 


and the relative weights of these volumes will be the volumes 

^ . 9 X 733 61 X 27 . . , 

X relative densities, i.e. "I'li or, in 


other words, J by weight of the trotal distillate will consist of 
nitro-benzene. 

Extraction with Ether, Benzene, &e."- Partition Coefficient. 

— An organic compound can often be separated from other 
substances, especially inorganic salts, by shaking out with 
ether, separating the ethereal layer by means of a se[)arating 
funnel, drying the solution with granular calcium chloride or 
some other suitable drying agent, and removing the ether by 
distillation. The method gives very good results when the 
compound to be extracted is much more soluble in ether than 
in water, and when the substances from which it is to be 
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separated are insoluble in ether. When there is no marked 
difference in the solubilities of the given compound in ether 
and in water, the extraction must be repeated a numl)er of 
times, in some cases even twenty, since for each compound 

,1 .. cone, of ethereal solution . i. j. j • 

the ratio — = — is a constant, and is usually 

cone, of aqueous solution 

termed the partition coefficient or coefficient of distribution of the 
particular substance between the two solvents. In extractions 
with ether it must be borne in mind that ether dissolves to an 
appreciable extent in water, and also water in ether. Other 
liquids, such as benzene, carbon-disulphide, chloroform, &c., 
may be used in place of ether. 

When the amount of solvent to be used is limited, it is 
more economical to extract two or three times with small 
amounts of solvent rather than only once with the whole 
amount. As an illustration: J1 grams of a substance and 
1 litre each of the non*miscibIe liquids, water and benzene. 
The solubility of the substance in benzene is ten times its 
solubility in water, and it has the same molecular weight in 
both solvents. 

Case I . — Extracting at once with the litre of benzene, 

cone, of benzene solution 10 . \ t i i i 

^ — . — = i.e. of the whole or 1 gram, 

cone, of water solution 1 

remains in the water. 

Case IL — Extract twice wdth 500 c.c. of benzene. After 
first extraction, suppose x grams pas-ses into the benzene, then 
cone, of aqueous solution is 11 — x, and of the benzene 2x, 
2x 10 

= OT X ^ 9 (approx.), and 2 grams are left 

11 — X 1 

in the water. 

After extraction with second quantity of benzene, y grams 

go into the benzene. Then or y = 1*7 (approx.), 

2 y 1 

and only 0*3 gram remains in the aqueous solution. Whereas, 
after the single extraction with a litre of benzene 1 gram was 
left. 


For applications of this method in determining the relative 
strengths of acids and amines, compare Farmer and Warth 
(J. C. 8., 1904, 1713). 
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I. HYDROCARBONS 

A, Saturated Hydrocarbons, CnH2n+2 

This constitutes the simplest homologous series of carbon 
compounds, and all the saturated open-chain carbon com- 
pounds may be regarded as derived from these. 

The following list includes the more important normal 
hydrocarbons:* 


Formula 

Name 

Melting- 

point 

Boiling- 

point 

Specific gra\4ty 

CH, 

Methane 

- 184^ 

-161° 

0-415 at b.-p. 


Kthano 

-172" 

-88° 

0-446 at 0° 

CaH, 

Propane 

-190° 

-45° 

0-536 at 0° 

O.Hio 

Butane 

- 135° 

4- 1° 

0*600 at 0° 


Pentane 

-131° 

36° 

0-627 at 14° 

C.H,. 

Hexane 

-94° 

69° 

0-658 at 20° 

C,H„ 

Heptane 

-90° 

98° 

0-683 at 20° 


Octane 

-56° 

125° 

0-702 at 20° 

0,H„ 

Nonane 

-51° 

150° 

0-718 at 20° 


Decane 

-32° 

174° 

0-730 at 20° 

C„H„ 

Undecane 

-26° 

107° 

0-774 at m,-p. 

C,.H„ 

Dodecane 

— 12° 

216° 

0-773 at m.-p. 

C,4H„ 

Te1,radecane 

-1-5° 

252° 

0*776 at m,-p. 

C,.H„ 

Hexadecane 

20° 

287° 

0-776 at m.-p. 

C.«H„ 

Eicosane 

37° : 

205°t 

0*778 at m.-p. 


Heneioosane 

40° 

215°t 

0*778 at m.-p. 

C.,H„ 

Trioosane 

48° 

234°t 

0*779 at m.-p. 

C«H,4 

Hentriacontane 

68° 

302°t 

0*781 at m.-p. 

C„H,. 

Pentatriacontane 

Hexaoontane 

75° 

101° 

331°t 

0*782 at m.-p. 


• Dow, Phyaical Constants of Principal Hydrocarbons. New York, 1939. 
t Under 15 mm* pressure. 
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The first members of the series, including those with about 
four atoms of carbon, are gases, whicli gradually become more 
easily condensable as the number of carbon atoms in the mole- 
cule increases. The members which follow are liquid at the 
ordinary temperature, their boiling-point rising with increasing 
number of carbon atoms. An increase of CHg in the mole- 
cular formula does not necessarily denote a definite increase 
in the boiling-point. The difference in boiling-point between 
ethane and propane is 43*^, between n-heptane and n-octane 
27°, and between uiidecane and dodecane only 19°; thus 
with compounds of high molecular weight an increase of CH 2 
does not produce so marked an effect on the boiling-point as 
with vsimpler compounds. The higher homologues, from about 
Ci 6 bl;j 4 (melting-point 20°) on, are solid at the ordinary tem- 
perature, and their melting-point gradually rises up to about 
100°. The highest members can be distilled under diminished 
pressure only. The methane homologues are almost or quite 
insoluble in water; alcohol dissolves the gaseous members to 
a slight extent, the liquid members easily, and the solid with 
gradually increasing difficulty. Their specific gravities at the 
melting-point increase with increasing number of carbon 
atoms from 0*4 up to 0*78, winch is the maximum limit. This 
value is already almost reached by the hydrocarbon On 1124 , 
so that for the higher members of the. series the following law 
holds good: “ the molecular volumes are proportional to the 
molecular weights {Kraffl), 

They are incapable of combining further with hydrogen or 
halogens (see p. 46), and absorb neither bromine nor sulphuric 
acid. They are therefore termed the Saturated Hydro- 
carbons. Even fuming nitric acid has little or no action upon 
the lower members of the series ; thus, methane is not attacked 
by a mixture of fuming nitric and sulphuric acids, even at 
150°, The n-com pounds are only slightly acted upon by 
nitric acid at 100° (Francis and Young, J. C. S., 1898, 923; 
Markovnikoff, B., 1899, 1441), whereas tertiary hydrocarbons 
CHR'R''R''' are fairly readily oxidized by fuming nitric acid 
to fatty acid, COg and nitro compounds. Nitro groups can be 
introduced into iiaraffins by heating them with dilute nitric 
acid (D. 1*07-1*15) at 110 - 120 ° under pressure, or with N 2 O 4 
(C. R,, 1937, 204, 870) at 20°. They are indifferent to 
sulphuric acid (cf. Olefines and Benzenes), even fuming (15 per 
cent) acid in the cold; prolonged action of hot concentrated 



ISOMERS OF PARAFFINS 


31 


acid yields sulphonio acids with those members with branched 
chains. They are also very indifferent towards chromic acid 
and permanganate of potash in the cold, with the exception of 
the tertiary hydrocarbons; when oxidation does take place, 
they are mostly converted directly into carbonic acid. The 
name of “ The Paraffins (from parum affmu), which was 
originally applied only to the solid hydrocarbons from lignite, 
has therefore been extended to the w^hole homologous series. 

By the action of the halogens (Cl, Br), substitution takes 
place, the substituted hydrogen combining with an amount of 
halogen equal to that which has entered the hydrocarbon (see 
Halide Substitution Products of the Hydrocarbons, p. 60): 

CHalT + OlCl - + HOI. 


As the number of carbon atoms increases, the percentage 
composition of these hydrocarbons approaches a definite limit, 
viz. that of the hydrocarbons, 

Thus the percentages of C and K in the following hydro- 
carbons are: CH^ 75 and 25; CgHi 4 83-72 and 16-28; C 22 H 46 
85*16 and 14*84; C 35 H 72 85*36 and 11*64, whereas for CHj 
the values are 85*71 and 14*29. It is therefore impossible to 
deduce a definite formula for complex hydrocarbons by analysis 
only; the only reliable data here are the methods of for- 
mation from compounds in which the number of carbon atoms 
in the molecule is already known. 

Isomers , — The first 3 members exist in one form only, but 
two butanes, three pentanes and five hexanes are known, and 
most of the higher hydrocarbons are known in various isomeric 
forms. To account for these phenomena it is concluded that 
the carbon atoms are grouped in different ways in the iso- 
merides, e.g. in straight chains and in various branching chains. 
(This is of course not to be taken as meaning that they are 
grouped together in space in straight lines.) Thus: 


C-C'C-CC or CC 


< 


X 


Those with non-branching chains are termed the normal 
hydrocarbons; the second, the iso-hydrocarbons. 

The principles by which such constitutional formulce are 
arrived at will be explained under Butane and Pentane. 

Only those homologues are comparable whose constitutions 
are similar, e.g. the normal hydrocarbons. 
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Occurrence . — Many hydrocarbons of the paraffin series occur 
naturally in large quantities. Thus, methane is exhaled from 
the earth’s crust, as “ fire-damp ’’ and as marsh-gas. The next 
higher homologues are found dissolved in petroleum, which 
also contains the higher hydrocarbons in large amount. Solid 
hydrocarbons occur as ozokerite or earth-wax. By the frac- 
tional distillation of petroleum a large number df these com- 
pounds have been isolated. Heptane and hexadecane are also 
found in the vegetable kingdom. 

Mode^ of formation. — A. Various members of this series are 
obtained by the distillation of lignite (Boghead, Cannel coal), 
wood, bituminous shale, and, in very much smaller quantity, 
from pit coal. Paraffins are also obtained by dissolving car- 
bide of iron in acids, and by heating wood, lignite, and coal, 
but not graphite, with hydriodic acid. 

B, From substances containing an equal number of carbon 
atoms in the molecule. 

1. From the alkyl halides,* CnHjjnuX, and, generally 
speaking, from the substitution products of the hydrocarbons 
by exchange of the halogen for hydrogen (inverse substitu- 
tion). This is effected by the action of reducing agents, that 
is, agents which give rise to nascent hydrogen. Some of the 
commoner reducing agents employed for such purposes are 
sodium amalgam and water, zinc and a dilute acid, zinc and 
water at 160°, the copper-zinc couple in presence of water 
and alcohol (Gladstone-Tribe), aluminium- or magnesium-amal- 
gam and alcohol, and one of the most vigorous reducing agents, 
concentrated hydriodic acid at high temperatures, especially 
in contact with red phosphorus, which serves continually to 
renew the hydrogen iodide. (See Chap. XL VII, Reduction.) 

2. From monohydric alcohols, CuH 2 u+i*OH, polyhydric alco- 
hols, CiiH 2 ii(OH) 2 , CnH 2 n-i(OH) 3 , &c., also from aldehydes, 
CuHgn+l'CHO, ketones, CjiH 2 ii 4 .i-CO-CnH 2 n+i> and other com- 
poimds containing oxygen, by heating with hydriodic acid 
and red phosphorus at relatively high temperatures. In all 
these reactions the oxygen is ultimately removed as water. 

3. From hydrocarbons poorer in hydrogen, i.e. unsaturated 
hydrocarbons (see these), by the addition of hydrogen; e.g. 
ethane from ethylene or acetylene and hydrogen, either in 

* The monovalent residues, CnH2n+i, methyl, ethyl, See., which are at the 
same time the radicals of the monohydric alcohols, CnH^n^^iOH, are fre- 
quently termed alkyl groups. 
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presence of platinum black or finely divided nickel or by heat- 
ing the mixture of gases to 4(J0"-500°. Also by heating with 
hydriodic acid {Krajfft)^ or by addition of halogen or halogen 
hydride, and exchange of the halogen for hydrogen, according 
to 1 . Thus : 

Call* -1- H, -= I C.H, -f HBr - CM.Bt, 

C5H10 + 2 HI - + I2; I CABr + i>H - + HBr. 

Some of the cyclo-paraffins (Chap. XVI) with hydrogen and 
a metallic catalyst yield opun-chain paraffins: cyclo-propane 
and Hg propane. 

4. By decomposing the organo-zinc compounds (zinc-alkyls) 
with water (FrankUind): 

f 21120 - Zn(0H)2 + 20^12. 

Or more readily by decomposing Grignard's orguno-magnesium 
compounds with water. Thus ethyl iodide and magnesium, 
in presence of dry ether, yield ethyl magnesium iodide, 
CjjHg'Mg'I, and this with water evolves ethane: 

C^H^ Mg-I 4 H OH - CjH, + OH'Mg l. 

C. From acids containing a larger number of carbon atoms, 
with separation of carbon dioxide. Thus, by heating acetate 
of calcium with soda-lime, methane and calcium carbonate 
are formed: 

(CH3C00),Ca -f Cu( 0H)2 » 2CH4 -f 2CaC03. 

In the case of the acids of higher molecular weight, this 
separation of carbonic acid is conveniently effected by heating 
with sodium ethoxide. 

D. By the combination of two radicals containing a smaller 
nuinl>er of carbon atoms. 

1 . By the action of sodium upon the alkyl iodides in ethereal 
solution (Wuriz)\ or with magnesium or by heating with zinc 
in a sealed tube (Frankland): 

2CII,I 4 2Na - C2H4 + 2NaT. 

By this method also two different radicals can be combined, 
e.g. C^H^I -f C,H,l give 4- ethyl-butyl 

{Wurtz^s ‘‘ Mixed Radicals ”). 

Qrigyiard's compounds (Chap. IV, H.) can also be used 
R-Mgl -f R1 R-R' -f Mglg, and in some cases, in place 
of an alk}d iodide a di-alkyl sulphate or an alkyl p-toluene- 
fiulphonate can be used. 

(BiSO) 


3 
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2. A paralTin will ( ornbine with an olefine (C 3 to (\) in the 

presence of AlCl^ giving a higher paraffin J. A. C, S>., 

j 936, 913). 

R-H and CgHg - ► R‘C,Hy. 

3. By the electrolysis of solutions of the potassium salts of 
fatty acids (Kolbe, 1818). The anions, for example, CTLj-COO, 
when discharged at the anode, break up into CTI3 and CO 2 , 
and two of the (Tf^ groups immediately combine to form a 
molecule, CH 3 -CH 3 , viz. ethane. The hydrogen is here evolved 
at the cathode, and the hydrocarbon at the anode; the carbon 
dioxide is to a large extent retained in the solution. 

Methane, CH 4 (Voltay 1778). Occurremce. — As an exhalation 
from the earth’s crust, more especially at Baku in the neigh- 
bourhood of the Caspian Sea (the “ Holy Fire ” of Baku) ; from 
the large gas w-ells at Pittsburg, in North America, and in 
numerous other places; in the exhalations from mud volcanoes, 
for instance at Bulganak in the Crimea, where the gas is almost 
pure methane {Buyisen)\ and as pit gas or “fire-damp” in 
mines, where, when mixed with air, it is apt to cause explosions. 

As marsh-gas, together with carbon dioxide and nitrogen, 
by the decomposition of organic substances under water; 
further, by the fermentation of cellulose, e.g. by river mud, 
by means of Schizornyceies (fission -fungi). It is also found 
in rock-salt (the Knistersalz of Wieliczka), and in the human 
intestinal gases (up to 57 per cent CH 4 after eating pulse). 

The illuminating gas obtained by the destructive distillation 
of coal contains about 40 per cent methane. 

Modes of 'preparation, — 1 . Methane is formed synthetically by 
the direct union of carbon and hydrogen. Pure sugar carbon 
freed from all traces of hydrogen by treatment with chlorine 
is heated in a current of dry hydrogen in a porcelain tube, and 
the issuing gas is found to contain 1 per cent of methane 
(Bone and Jerdan, J. C. S., 1897, 41; 1901, 1042; Pring, 1910, 
489; Pring and Fairlie, 1911, 1796; 1912, 91). At 475®, in 
contact with an active form of carbon (gas-black) and finely 
divided nickel, a product containing 50 per cent of methane 
is obtained. It is also formed by the decomposition of ethane, 
ethylene, and acetylene at moderate temperatures (Bone and 
Coward, 1908, 1197; Tremrs and Pearce, J. S. C. I., 1934, 
321 T. 

2. By the catalytic reduction of carbon monoxide or dioxide 
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by hydrogen in the presence of reduced nickel at 200-250 
(Sabatier and Sendercns), a metliod used for removal of CO 
from water gas whereby the calorific value is increased: 

CO + 3112 - CH, f H^O and CO^ + 4 H 2 « CH^ -f 21] 

3. By leading sulphuretted hydrogen and carbon bisulphide 
vapour over red-hot copper (Berthelot); CSg f 2IloS -I 8Cu 
- Cl [4 + 4C112S. 

4. By passing carbon monoxide and steam over certain 
heated metals or metallic oxides (Vignon, C. R., 1913, 157, 131). 

5. It is usually prepared by heating anhydrous sodium ace- 
tate with baryta, or even with soda-liine (p. 33); by-products 
are ethylene, C2H4, and hydrogen (up to 8 per cent). 

6. Another method is from aluminium carlude and water, 
and removing the acetylene and hydrogen (J. C. S., 1913. 
1292). 

7. Pure methane is obtained from magnesium methyl iodide 
and water, CHa-Mgd I H OIl - CH4 f OH-Mg-I; by the 
reduction of methyl iodide, CH3I, e.g. in alcoholic solution 
by means of zinc in the presence of precipitated copper (the 
Gladsione-Trilte “ Copper- zinc Couple'*); also by the inverse 
substitution of CHCI3, or CCI4. 

Properties (for summary, see J. ph. Chem., 1918, 529). — 
It is a gas with a density 8(H = 1), and is condensed under 
a pressure of 140 atmospheres at 0®. It boils at —161°, and 
solidifies at —184°, Absorption coefficient in cold water about 
0*5. It burns with a pale and only faintly luminous flame, 
yielding carbon dioxide and water, and when mixed with air 
or oxygen in certain proportions forms an exj)lo8ive mixture. 
It is decomposed by the electric spark into its elements, and 
a similar decomposition occurs when the gas is led through 
a red-hot tube; but there are formed at the same time CgHg, 
C2H4, C2H2, and, in smaller quantity, CgHg, benzene, CioHs, 
naphthalene, and other products. The first three hydro- 
carbons just mentioned, ethane, &c., behave similarly. 

Combustion of Hydrocarbons. — When methane and hydro- 
carbons generally are burnt or exploded with excess of air or 
oxygen, the final products are carbon dioxide and water vapour, 
and the reaction is generally represented, e.g. by the equation 
CH4 -f 2O2 — CO2 + 2HaO. This undoubtedly represents 
the final products which are formed, and also their relative 
amounts, but does not give an idea of the mechanism of com- 
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bustion. Numerous investigators have conducted experiments 
on combustion, especially on combustion in the presence of 
limited amounts of oxygen. The conclusion was first drawn 
that with a defective) supply of oxygen the hydrogen is oxi- 
dized in preference to the carbon. Somewhat later, Kerstm 
(1861) suggested the preferential burning of the carbon, since 
when ethylene is exploded with its own volume of oxygen, 
carbon monoxide and hydrogen are the chief products. (Of. 
Smifhdls, J. C. S., 1892, 220.) 

The work of Bone and others on the slow combustion of 
methane, ethane, ethylene, and acetylene (J. 0. S., 1902, 5d5i 
1903, 1074; 1904, 693, 1637; Proc. 1905, 220; B. A. Report, 
1910, 469; J, S. C. I., 1933, 202 T; 0. and I., 1933, 905; 1936, 
174), show that by passing a mixture of methane and oxygen 
in a continuous stream through a tube filled with porous 
material (pot or magnesia), at a fixed temperature between 
350° and 500°, appreciable amounts of formaldehyde are 
obtained. Gaseous products are also obtained, but these 
are probably due to secondary reactions, c.g. either the further 
oxidation of the aldehyde to carbon monoxide, carbon dioxide 
and steam, or the thermal decomposition of the aldehyde into 
carbon monoxide and hydrogen. Thus: 


OH4— ► GH,(0H)a 

Om 


CO + Hg f H 5.0 

7'hcrmal decomposition 
H'COaH + llfi 

, Oxidation 


CO, 4- H, + H,0 

Thermal decomposition 


By the expression thermal decomposition is meant that at the 
temperature mentioned the aldehyde is unstable, and imme- 
diately decomposes into the simpler products, CO and H2. 

Ethane behaves similarly, and the reactions can be repre- 
sented by the following scheme: 

CHj CH, CH3 CH(0H)2 CH3 CII : O + Hs ,0 

0 , 0 , 

OHCHjCOjH 

I 

CHjro + CO + H3O. 

Secondary reactions are the thermal decompositions of the 
formaldehyde into CO and Hj, and of the acetaldehyde into 
CH4 and CO. In reality some 80 per cent of the ethane can 
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be collected as formaldehyde. With ethylene the reactionj^- 
are probably: 

ciia : 0E2 - > oH CPf : CH OH -► 2CH2 : o -> h co.,h - > 
o, o “ o 

OHCOOH, 

and the thermal decomposition products of the formaldehyde, 
formic acid, and carbonic acid, viz. Hg, CO, COg, HgO. 

It is thus obvious that at the temperatures mentioned (350- 
500') combustion consists primarily in the addition of oxygen 
and the production of hydroxylic compounds, which then yield 
aldehydes. It is highly probable that reactions of a similar 
nature occur during explosive combination and detonation at 
high temperatures (B. A. Report, 1910, 492). 

Ethane, CgH^, occurs in crude petroleum and is a constituent 
of the gas obtained from American oil wells and can be utilized 
for t(‘chnical purposes. 

Preparation , — By the electrolysis of acetic acid {Kolbe, 1848), 
and therefore formerly called ‘‘ methyl since it was supposed 
to be CH 3 ; subsequent molecular- weight determinations proved 
it to have the double formula CgHg. It is also obtained from 
ethyl iodide, alcohol, and zinc dust, or from zinc ethyl (Frank- 
land), hence the name “ ethyl hydride “ Ethyl hydride ” and 
“ methyl which were formerly supposed by Frankland and 
Kolbe to be difTerent substances, were proved identical by 
Schorlemmer in 1863 by their conversion into CgH^Cl, which 
may be prepared from both in exactly the same way. 

Propane, C 3 Hg, and the two butanes, C^IIj^q, are also gaseous 
at the ordinary temperature, and are present to a certain ex- 
tent in crude petroleum. 

Theoretically propane can exist in only one form, repre- 
sented by the constitutional formula CH 3 *CH 2 -CH 3 , as this 
is the only manner in which three carbon and eight hydrogen 
atoms can be grouped if C is quadri- and H univalent. 


ISOMERISM, NOMENCLATURE, CONSTITUTION 

rt /9 tt ^ 

From propane, CIIj-CHg-CHg, it is clear that the two dis- 
tinct products 

CH. CHg CHj CH, and )>CH CH„ 
fi-butane /so-buUna 
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can be obtained theoretically by replacing either one of the 
all or one of the / 5 H atoms by methyl. 

Two compounds C4H10 are actually known, and their con- 
stitutional formula? derived from their methods of formation 
agree with the two formuluB CH3*Cn2*CH2-C}l3 and 
(0113)2 iCfl-CHg, as the w-compound may be obtained by the 
action of zinc on ethyl iodide, CIIg-CITgl, and the iso-com- 
pound by the reduction of tertiary butyl iodide, (0113)2 :CI*CH3. 

All the succeeding hydrocarbons can, accorcling to theory, 
exist in several isomeric modifications. The number of modi- 
fications possible can be determined in the manner already 
described for the butanes. 

fi' H 

As an example, starting with 7?-butane, CH3-C}l2*01f2‘Cdl3, 
and replacing one II atom by a CTi3 group, we can get either 

.CHs 

(1) CHa-OlTg-CH^ CH.-CIJa or (2) 

CM, 

according as we replace an H atom in the a or ^ position. 
Starting from iso-butane, 


Oil 

OH 


S\ ^ a 

yCHCH 




a 


we can similarly get 

CH,. CH.. /CH, 

( 3 ) >CHCHsCH, or ( 4 ) >€< 

CH/ CH/ \oH,; 

but formulae (2) and ( 3 ) are identical, and the three possible 
isomeric pentanes are therefore CH3*CH2'CH2*CH2*Cn3, 
(CH3)2:CH*CH2*CH3 and (CH3)2:C:(CH3)2. Of hydrocarbons 
with six carbon atoms, five isomers are possible, and they are 
all known. Of the nine possible heptanes, the existence 

of five has already been proved. 

The number of theoretically possible isomers increases very 
rapidly with the number of carbon atoms, so that 159 isomeric 
CjQ hydrocarbons are possible although only 2 are known and 
Cjo gives 115,000 possible isomerides. 

Of these isomers only one can be normal, i.e. can have a 
single chain of carbon atoms, in which each of the two terminal 
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carbon atoms is combined with three atoms of hydrogen, and 
ail the middle ones with two, according to the formula, 
CH3-(CH2)nCH3. 

A convenient Nomenclature for the more complicated 
paraffins is arrived at by making methane the starting-point 
for all of them, that carbon atom from which the branching 
chain emanates being considered as originally belonging to 
CIT4, in which the hydrogen atoms are supposed to be wholly 
or partially replaced by hydrocarbon radicals, thus: 

CH3 

^ <limethyl-ethvl-methaiie. 

UII3 

The names of the well-known lower hydrocarbon radicals 
(alkyls) are also frequently used as a basis; for instance, the 
group (CHjj)/'H is termed isopropyl (see Isopropyl Alcohol), 
hence the compounds: 

etlivl-isopropyl. 

vn/ 

Cbl3 .CH3 

CH'C'H: ; di -isopropyl. 

The boiling-points of the normal hydrocarbons are always 
higher than those of the isomers; indeed the boiling-point 
falls continuously as the carbon chain becomes more branched. 

The Constitution of the higher paraffins can in most cases only 
be arrived at with certainty from their synthetical formation 
(e.g. normal butane and hexane), or from their chemical rela- 
tion to oxygenated derivatives whose constitution is already 
known, especially to the ketones and acids. (See Ketones.) 

If, for instance, by the action of PCI5 upon acetone, for 
which the constitution CHa-CO'CHg is proved, the substance 
CTIa-CCLj-CHg (acetone chloride) be formed, and this be then 
treated with zinc methyl, the resulting hydrocarbon, a pentane, 
will have the constitution (€113)40: 

(CHJjtCCl, + ZnCCHa), » ZuCl, + : C t (CH,),. 

The structure of n-hexane follows from its formation by 
the action of metals upon n*propyl iodide, as represented by 
the equation: 

2CH3 CH,‘CH,I + Zn - Znl, + CH.-CHa CIJa CH^ OHj CH,. 
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The system of nomenclature suggested by the International 
Congress at Geneva is as follows: The normal paraffins re- 
tain their present names. Thus hexane means the compound 
CH3*(CH2)4-CTl3. In the case of those with branching chains, 
the longest normal chain gives the name, the branch(58 being 
regarded as substituents, and the position of substitution being 
indicated by the successive numbering of the atoms of the 
carbon chain (the carbon atom which is nearest to the point 
of ramification is numbered 1 ; should there be more than one 
branching — say, a longer and a shorter — then No. 1 begins 
with the end carbon atom which stands nearest to the shorter 
branching), Tri methyl -methane is therefore called 2-methyl- 
propane; dimethyl-othyl-methaiie, 2-methyl-butane; and 
tetra-methyl-metliane, 2 : 2-dimethyl-propane. 

The following liquid paraffins are obtained from crude 
petroleum: ?i-compourids with 5 to 10 C atoms and an iso- 
meride of each,* and a large number of the higher hydro- 
carbons, 

F. Krafft has prepared the normal hydrocarbons from 
C11H24 to 03^1172, which are mentioned in the table on p. 29, 
from the acids Ci 2 j Ci 4, Cjg, and of the acetic acid series 
(see these), for which the normal constitution, i.e. non-branching 
carbon chain, has been demonstrated; and also from the 
ketones, Cj^HonO, which are obtained by subjecting the barium 
salts of these acids to dry distillation, either alone or together 
with acetate or heptoate of calcium, and which, as a conse- 
quence of their mode of formation, yield normal hydrocarbons. 
(See Ketones.) Krafft has further isolated the normal hydro- 
carbons C17H3Q to Cj^H4g, also 0241153, 025X154, and 02gH5g, by 
subjecting the paraflin obtained from lignite to fractional dis- 
tillation in vacuo. 

These are, from about 0^ 51134 (m.-pt. 18^^) on, solid at the 
ordinary temperature. When distilled under atmospheric 
pressure the higher hydrocarbons partially decompose into 
lower ones of the formulae 0jjH2n+2 ^ ^^^7 

be distilled under reduced pressure. (See table, p, 29.) 

Mineral Oils . — ^Petrolenm and similar products obtained by 
heating bituminous shale are usually termed mineral oils, in 
order to differentiate them from vegetable and animal oils, 
from which they differ in composition. 

• The petroleum ether and ligroin of commerce consiat principally of the 
hydrocarbons CgHji, C7H1*, and 
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In many parts of the earth’s surface oil rises in the form of 
springs when bore-holes are made into sand or conglomerate, 
and the product is the crude petroleum of commerce. Such 
wells or springs were first discovered in 1859 in Pennsylvania, 
and since then similar sources have been utilized in the Caspian 
Sea district (Baku), in Galicia, Roumania, Burma, Assam, 
Borneo, Mexico, South Persia, Trinidad and Japan, and in 
smaller quantities in other parts. In America the oil is accom- 
panied by natural gas consisting largely of the low'er y)araffin 
hydrocarbons, and can be used as gaseous fuel (cf. C. L, 1937, 
520). The crude petroleum cannot be used as such, and has 
to be subjected to a process of fractional distillation and re- 
fining by means of sulphuric acid and caustic soda, or by a 
process of compression and fractionization into a low boiling 
jietrol with strong anti-knock properties. The natural gas is 
also subjected to a yirocess of pyrolysis yielding olefines which 
polymerize, yielding valuable motor spirit. Certain hydrocar- 
bons are also isolated and converted into various derivatives of 
technical value. As a rule, the crude oil is carried long dis- 
tances to the refining factory, usually in iron pipes 4-8 inches 
diameter. The pipe line is frequently several hundred miles 
long, in stages of 50 miles, with tanks at intervals. The object 
of the refining is to obtain products of commercial importance 
and to remove impurities which would affect the values of the 
fractions, such as tarry or resinous substances and sulphur. 

In the American industry a great variety of products is 
thus obtained, to which different names are given. 


Cvnioi(one 

Rhigoline 

B.P. 

18'’ 


Amount 

Ga.sc>liiie . . 

Ligroin 

Benzene or Benzoline . . 

14 PO"' 
90-120 
120 ir>o'’ 

1 16-5 

per cent. 

Kerost^ne . . 

150-a0(B^ 

54 0 

99 

Lubricating oil . . 
Vaseline . . 

*• \ 

17-6 

20 

99 

Paraffin wax, m.p. 

45-65°/ 

99 


Liquefied cymogene is used for ice manufacture. Rhigoline 
is used in medicine as a local anaesthetic. The next three 
fractions are used for extracting oils and fats and for dry 
cleaning. The petrol used in internal -combustion engines 
usually boils at but at the present time contains less 

( B 480 ) 3 « 
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iow-boiliiig coiLstituents tliau formerly. The kerosene required 
for illuminating purposes should be water-white, and should 
not have too low a “ flash point Crude kerosenes and 
lubricating oils arc used for making ‘‘ oil -gas ”, small instal- 
lations of wliich an? used in place of coal-giis jdants. The higher 
fractions are used as lubricants, and have the advantage over 
vegetable-oil lubricants; they are chemically inactive, wh(?reas 
v(*getable oils can undergo hydrolysis, and give rise to fai-ty 
acids wliicli may have a corroding action on the machinery. 
These higher oils are also used as fuels; when blown tlirough 
a nozzle, or “ atomizer ”, in the form of a hue spray they can 
be burnt umler boilers for gcmerating steam, or they may be 
used ill Diesel engines. 

When the oil-wells were first started the chief commercial 
product was the kerosene, or burning oil, and the lower 
fractions were largely waste products; the introduction of the 
interiud-combustion engine in automobiles and aeroplanes has 
creat-ed an enormous demand for petrol, and at the jireseiit 
time the suj)])ly cannot meet this demand, and othc?r 
materials have been introduced, the most important of which 
are benzene and methyl and ethyl alcohols. The demand for 
petrol has also led to the introduction of methods of breaking 
up the heavier oils by the process of cracking, i.e. subjecting 
the oils to high temperatures, usually under increased pressure. 
The products vary with the temperature, rate of flow of the* 
oil, construction of the retort, e.g. presence of baffle plates, and 
the pressure in the retort. Better yields are obtained by using 
a catalyst, e.g. hydrated aluminium silicate, and lower tem- 
peratures and pressures. The cracked s])irit is richer in un- 
saturated naphthene and aromatic hydrocarbons than a 
straight run spirit, and most motor fuels are blends of the two. 
The “ antiknock ” properties of a fuel are improved by the 
presence of a branched paraffln, e.g. i.so-octane, dVIe-pCHg- 
CHMeg, and large quantities of this are manufactured from 
iso-buti^ne and 1-buteiie in the presence of sulphuric acid or 
aluminium chloride (p. 34, also C. I., 1936, 532; 1041, 22). 
The olefines formed during cracking are often absorbed by 
concentrated sulpiiuric acid and used for preparing al- 
cohols, e.g. ethyl, iso propyl, secondary -butyl and -amyl 
alcohols (p. 77). 

Composition of Natural Petroleum . — The American oil consists 
mainly of paraflin hydrocarbons, e.g. gasolene is largely pentane 
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and hexane, and kerosene contains hydrocarbons from C 10 H 22 
to CieH 34 . Russian Petroleum, on the other hand, contains 
appreciable amounts of polymethylene hydrocarbons or naph- 
thenes (Chap. XVI) and of acids derived from them, and 
gives small yields of low -boiling fractions. Borneo oil contains 
appreciable amounts of aromatic hydrocarbons, e.g. benzene 
and toluene, &c., and Burma oil is rich in wax. 

Origin of Petroleum . — One view is that the oil is formed by 
the action of steam on carbides of iron and other metals under 
considerable pressure in the lower portion of the crust of the 
earth {Mendelieff). Another view is that the oil is a product of 
decomposition of animal or vegetable organisms (Engler^ C. Z., 
11)06, II, 1017; compare Kishner, J. russ., 1914, 46 , 1428), 
and this view is support/cd by the fact that many paraffin oils 
have a low-optical activity, due probably to the presence of 
optically active polynaphthenes and organic compounds con- 
taining N and 8 (C. Zeit., 1913, 37, 550). 

The total output of crude petroleum for 1 937 was estimated at 
about 280 million tons, of which 62 per cent came from the 
U.S.A., 10*1 per cent from Russia, 9*9 per cent from Venezuela, 
and 5 per cent from Iran and Iraq. 


Production of Organic Chemicals from 
Petroleum * 

From natural gas and gasoline appreciable quantities of 
w- and tso-pentane are now isolat<xl in America and are utilized 
for making mono-, di-chloro derivates, the nionohydric alco- 
hols (viz. u-butyl-carbinol, i6‘o-butyl-car])inol, methyl-propyl- 
carbinol, di-ethyl-carbinol), amylenes, amyl sulphide, amyl- 
mercaptan and amyl-amines. 

The gases obtained by cracking petroleum either in the 
gaseous or liquid phase contain appreciable amounts of ole6nes 
and also of dienes. With liquid phase at 450-480'^ the olefine 
content of the gas is low (8-13 per cent), and rather poor in 
ethylene; with gaseous phase at 600° the olefine content is 
high (30-75 per cent), and the proportion of ethylene in the 
olefines may be as high as 25 per cent. 

The compounds actually manufactured are: ethylene, as 

• Carelton Ellis, Chemistry of Petroleum Derivatives. 1934. 
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an anaesthetic or for ripening fruit; ethylene dichloride and 
ethylene glycol, the former for use as a solvent or for fumi- 
gating grain, and the latter as a substitute for glycerol; ethy- 
lene di-amine as an accelerator in vulcanization; ethylene 
chlor-hydrin for manufacture of novocaine, procaine and 
indigo; ethylene oxide, which with alcohol, gives the glycol 
monoethyl ether used as a solvent for cellulose esters. 

One of the chief uses of the cracked gases is for the pro- 
duction of alcohols by absorbing the different olefines in 
concentrated sulphuric acid of different concentrations (cf. 

Shale Oil . — Large quantities of shale oil are distilled in con- 
tinuous retorts in Scotland, and products analogous to iJiose 
derived from crude petroleum, including ammonia, phenols 
and paraffin wax, are obtained, and from low-grade cannel 
coals or brown coals at suitable temperatures similar products 
are formed. Such oils differ entirely from the oils obtained 
from coal in the process of manufacturing coke or coal-gas. 
(Cf. Chap. XVII, Coal Tar.) 

In the manufacture of shale and brown coal oils, appreciable 
amounts of ammonia are produced. A shale containing ()3~8() 
per cent of mineral matter yields about 20 gall, of crude oil 
and 44 lb, of ammonium sulphate per ton of shale. 

ParaflSn-Wax, obtained by Reichenhach in 1830 from wood- 
tar, is got by the distillation of lignite or j)eat. It is also a 
mixture of many hydrocarbons, about 40 per cent of it cf)n- 
sisting of the compounds C22H4(j, 024115 ^), Cj,qH 54, and 

Liquid Paraffin (Reichenb^k's “ Eupion ”) and the butter- 
like Vaseline are high-boiling distillation products of lignite 
or petroleum, and the same applies to many lubricating oils. 
Vaseline is also obtained by decolorizing the residues obtained 
in distilling crude petroleum. 

Ozokerite, green, brown, and red, and of the consistency of 
wax, melting-point 60-80®, is a natural paraffin found at 
Boryslaw in Galicia, and at Tscheleken near Baku, on the 
Caspian Sea, and forms the ccresine of commerce when bleached* 

Aaphalt, or Earth Pitch, found in India, Trinidad, Java, 
and Cuba, is a transformation product of the higher-boiling 
mineral -oils, produced by the action of the oxygen of the air 
just as paraffin absorbs oxygen and becomes brown upon pro- 
longed heating in the air. It is used for cements and salves, 
and in asphalting, photo-lithography, &o. 
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B. Olefines or Hydrocarbons of the Ethylene 
Series (Alkylenes): C^Hgn 

There are two series of hydrocarbons of the general formula 
OijHon, the members of which differ from the corresponding 
paraffins by containing two atoms of hydrogen less in the 
molecule. The one series is that of the Olefines, of which 
ethylene, C2TI4, is the first member; the otlier is that which 
contains Trimethylene, Tetramethylene, Hexamethylene, See. 
(Cf. Chap. XVI, Polymethylcnes.) 

The properties exhibited by these two series are so different 
that different constitutions mu.st be accorded to them. The 
olefines form additive compounds with exceptional facility, 
being thus converted into the paraffins or their derivatives; 

OLEFINES 




Melting-point 

Boiling-point 

Ethylene . . 

cjr. 

-169" 

-104° 

Propylene 


- 185° 

-48° 


(a 

- 130" 

- 5° 

Butvleiie (3) 



-f 1° 


\y 


-6° 

Amy lone (5) 


-98° 

+ 39° 

Hexylono . . 



68° 

Kept yleiie 



95° 

Uetylenc . . 



123° 

Nonylone . . 

‘>H.8 


153° 

Deoylene . . 



172° 

Uruleoylone 


1 

195° 

Dodecyiono 

C- 1 2 1 1 24 

-31° 

{96°t 

Tridecylene 



233° 

Tetradecyleno 

^ 14 11 28 

-12° 

{127° 

Pentadccyleiie 



247° 

Hexadecylene (Ceteno) . . 

t 161132 

+ 4° 

f 274° 




1(155° 

Octotlecylone 

Cinlhe 

18° 

(179° 

Eicosylene 

^"20^^40 



Ceretone . . 

(■‘27ils4 

68° 


Melene 


62° 



• The melting- and boiling-points given from C^Hjo on, are those of the 
normal hydrocarbons. 

t { signifies boiling-point under 16 mm. pressure. 
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irom tliis the conclusion is drawn that, like the latter, they 
contain an open carbon chain. 

The names given to the hydrocarbons are similar to those 
for the paraffins, except that the termination ane is replaced by 
ene, or often by ylene. 

The general formula CjJIgn for this series indicates that each 
member differs from the corresponding member of tlui paraffins 
by two hydrogen atoms. 

In tlieir physical properties they resemide the methane 
hoinologues very closely. C 2 H 4 , Cyi^., and (lillg are gases, 
a volatile liquid, the higher meml^crs li<jiiids with rising 
boiling-point and diminishing mobility, whih^ the high(‘st are 
solid and similar to paraffins. The boiling-points of members 
of both series containing the same niimlxT of carl>on atoms, 
and whose constitutions are comparable, lie very close together, 
but the melting-points of the olchnes are somewhat the lower 
of the two; e.g. C\(.n 34 , m.-pt. 21°, b.-pt. {157°, and Ciellgg, 
m."pt. 4°, b.'pt. {155°. 

Most of the oletines are readily soluble in alcohol and ether, 
but insoluble in water, only the lower members dissolving 
slightly in the latter. The sj)ccific gravities of the normal 
olefines, determined at the melting-points, rise from about 0*63 
upwards, and approach with increasing carbon to a definite 
limit, viz. about 0*79. 

The heat of combustion of an olefine is less than that of its 
analogous paraffin, and hence the heat of formation is greater, 
viz. some 44 Cal. (cf. Heats of Formation, Chap. LXXI, C.). 

The chemical properties of the olefines are quite different 
from those of the paraffins. The latter are comparatively 
inert; they are not readily oxidized, and do not form additive 
compound^;, but can yield substitution products with halogens. 
The olefines, on the other hand, are chemically reactive. They 
are unsaturated, i.e. they can form additive compounds with 
elements or compounds without a fission of their molecules 
(cf. Chap. LI, A., Unsaturation), and are readily oxidized. 
These characteristic chemical properties are usually attributed 
to the presence of a double bond or linking between two carbon 
atoms, and this is usually termed an olefine linking, e.g. CHgtCHj, 
(a) Additive reactions . — They aU combine with Hg, CI 2 , Br^, 
(CNS) 2 , hi, HCiO, HBrO, NgO^, H 2 SO 4 (fuming), yielding 
paraffin hydrocarbons or their derivatives: 

C,H4 -f 2H - 0,H4 + 01, « C,H4CIg. C,H4 H- HI «* C,HjL 
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In all these reactions the double-linking characteristic of the 
olefines becomes re[)laced by a single bond, and two monovalent 
groups or atoms become attached to the carbon atoms \s'hich 
were previously united by the double bond. It follows that 
a di bromide formed from an olefine and bromine will always 
have the two bromine atoms attached to adjiicent carbon 
atoms. (Cf. Cliap. XVI, Poly methylene Derivatives.) 

CHs CinCHa > CHa CnBrClljBr. 

Addition of hydrogen can be effected in a variety of different 
ways, e.g. (a) by the use of reducing agents, i.e. the addition of 
nascent hydrogen; sodium amalgam and water are sometimes 
used for this purjiose or concmitrated hydriodic acid and 
p]ios[)horus; (h) by passing hydrogen gas into the hydro- 
carbon in the presence of j)latinum black or colloidal pallaflium, 
wdiich act as catalysts; (c) by ])assing a mixture of the va[>our 
of the hydrocarbon and of hydrogen over finely-divided niclcel 
(cf. Catal}i:ic Hydrogenation, Chap. XLIX, A.). 

Of the halogens chlorine combines most readily and iodine 
least readily; on the other hand, HI adds on more easily than 
IlBr, and this more readily than HOI. It is obvious when the 
two addenda are different, c.g. HC‘1, i.e. H and 01 or HCIO, 
i.e. HO and 01, and the hydrocarbon is not symmetrical in 
structure that, theoretically, the addition can take place in 
tw'o different ways. In reality, it is found that in the majority 
of cases the addition of halogen hydride is such that the 
halogen attaches itself to the carbon atom which is united 
to the smaller number of hydrogen atoms ; 

CHg CHICH, + HI - CH. CHl CHa, not CHs CH^ rHJ. 

When aqueous solutions of bromine are used the reaction 
is not simply the addition of bromine and the formation of 
a dibrornide. Part of the olefine combines with Br and OH, 
yielding a bromo-derivative of an alcohol (cf. Chap. LI, B.): 

CH,:CH, + Br, « CH,Br CH,Br and CH,:CH, + Br + OH 
- CHjBr CH, OH. 

(Cf. Rdd and others, J. 0. S., 1917, 240; 1920, 359; 1922, 
2552; 1928, 1488; Biilman, Rec. Trav., 1917, 313.) The addi- 
tion of sodium bromide increases the amount of dibromide 
formed. 

•Cf. Michael, J. pr., 1888, [ii], 37 , 524 ; 1003 , 68 , 487 ; B., 1006, 2138 . 
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The reaction with sulphuric acid (concentrated or fuming) 
is complex. (Cf. Brooks and Humphrey, J. Am. C. S., 1918, 
822). The products are polymerized olefines, alkyl hydro- 
gen sulj)hates formed by the addition of H and 0 *S 02 ' 0 H to 
the hydrocarbons, and alcohols; 

CH, : CHj CHg CHa O SO. OH. Ethyl hydrogen sulphate. 

The tendency to form sulphates increases from ethylene to 
amylene, and then diminishes, whereas polymerization tends 
to increase with increase in molecular weight. For historical 
survey cf. C. I., 1935, 881. 

(h) They readily polymerize, especially in presence of sul- 
phuric acid or zinc chloride. Thus amylene, in presence 

of sulphuric acid, yields the polymers CioTlgo^ 

C 2 on 4 Q. Metals also tend to produce polymerization or iso- 
merization (0. I., 1937, 323). 

(c) Unlike the paraftins, they are readily oxidized by KMn 04 
or CrOg, but not by cold HNOg. 

In this reaction, two hydroxyl groups are added to the 
molecule of the olefine if a dilute (1 per cent) solution of per- 
manganate is used, and a dihydric alcohol (a glycol) is formed. 

CHj,:CH, -> OII CHj Cfla OH. 

But if stronger solutions are used, or if chromic anhydride is 
employed, the molecule of the olefine is ruptured at the point 
where the double bond exists and a mixture of simpler acids 
or ketones is obtained. The readiness with which olefine 
compounds discharge the colour of acidified permanganate is 
frequently made use of as a qualitative test for such com- 
pounds, but is given by numerous other compounds, in fact 
by any organic compound which is readily oxidized, e.g. an 
aldehyde, an amine or a phenol. 

Nomenclature , — Ethylene was first prepared by four Dutch 
chemists, who observed that it formed an oil with chlorine, 
hence they termed ethylene olefiant gas, and the name olefine 
has been given to the whole series of hydrocarbons. 

The oflScial names for the various olefines, as suggested by 
the Geneva Congress, are formed by replacing the last syllable 
“ ane of the paraj05ns by ‘‘ ene The position of the double 
bond is denoted by the number of the carbon atom from which 
it proceeds. In a branching chain the numbering is the same 
as in the case of the corresponding saturated hydrocarbons; 
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in a normal o' m it Lej^ims at the end carbon atom which is 
nearest to the double bond. 

The following examples illustrate this system: 

I 3 3 4 6 

CHj-OH : CH'CHa CHj, is 2-pcnteno or A*-i)entene, where A denof/es 
the double bond. 

CHg'CH C(C}J 3 )'Cdi 2 *CHa-CH 3 is 3-methyl-2-hexeno. 

1 , , 

CHg CH ! (V is 3*elhvI*2-jK^ntcne. 

CJHg.CIIa 
31 3» 

hihhu , , 5 /CH 3 

is 4 : 5-dimethv!*3-cthvl-2'hcxene. 

CH3CH3/ CHg 

1 3 3 4 

CHg X'H ClIa Cr ( I I 2 CH . CHg is 4-ethyh4-propyI-l-h?p1ene. 

' (.'Ha-CHj 

Models of fonnatioyi. — (a) Together "with parafhns by the 
destructive distillation of many substances, such as wood, 
lignite, and coal, and also by the distillation of the higher 
paraffins (process of cracking p. 42); illuminating gas com 
scquently contains the olefines C 2 H 4 , C^Hg, CJIg, &c. 

(/>) By abstraction of water from the alcohols, CuHgju^iOH, 
by heating them with sulphuric acid, phosj)horus peiitoxide, 
zinc chloride, anhydrous formic acid, syrupy phosphoric acid, 
j}-toIuenesulphonic acid, KIISO 4 or Al 2 (S 04 ) 3 . With sulphuric 
acid, an alk}d-siilphuric acid, e.g. ethyl hydrogen sulphate, 
CjHgO-SOg-OH, is first formed, and decomposes into alkylene 
and sulphuric acid. This method is especially applicable in 
the case of the lower homologuea. Many alcohols yield olefines 
when heated alone, or with finely divided solids (Chap. 
XLIX, D.). 

The silicols, RCHj-SiHg’OH, i.e. the silicon analogues of 
the alcohols do not lose water, forming compounds corre* 
sponding with the olefines. 

The palmitic esters of the liigher alcohols, when distilled 
under somewhat diminished pressure, yield palmitic acid and 
an olefine. 

(c) By heating the halogen compounds Cnllgn^^iX, particu- 
larly the iodo- and bromo-compounds, with alcoholic potash, 
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or by passing their vapour over red-hot lime or hot oxide of 
lead, &c.; sometimes by simple distillation: 

OJbil > KOll C^Hio + K1 -f HjO. 

The molecule of halogen hydracid eliminated is formed 
from tli(‘ halogen detached from the one carbon atom and the 
hydrog('ii from an adjacent. (Cf. also Nef, A., 1901, 318, 3.) 

(d) thorn the dihalides (^Ilg^Xg, particularly the dibro- 
mides, Imt only when the two bromine atoms are attached to 
adjacent C' atoms, by tn^atment with zinc, magnesium, or zinc 
dust and alcohol: 

-e Zn + ZnBr^. 

The reaction has proved of value in tlie preparation of jnire 
olefines as the dibromides are usually solids and readily ])uri- 
tied. 

(e) By the action of an unsatiirated alkylene iodide, e.g. allyl 
iodide on the alkyl magnesium iodide: 

R Mgl f CHg.’CH-CEJJ -vCHglCHCHaR M^Tg. 

{/) By the electrolysis of potassium salts of dibasic acids of 
the succinic acid series; thus succinic acid itself yields ethy- 
lene: 

C^JUCOOH)^ - CJJ, + 2CO, 1 

The complex anion when discharged 

decomposes into ethylene and carbon dioxide. 

Constitution of the Olefines . — For ethylene the following for- 
mulae may be given: 

CH3 CH,— CH, 

(1) I (II) I (III) i| 

CH-- CH,— CH, 

In the formulae I and II, two free carbon bonds or valencies 
are assumed in the ethylene molecule. Formula III follows 
from the assumption that the bonds which are not used up in 
attaching the hydrogen atoms to carbon are used in uniting 
the carbon atoms themselves. 

Now the ethylene bromide which is formed by the addition 
of bromine to ethylene has, for reasons which will be given 
under that compound, the constitution CHjBr-CHgBr, and 
likewise the compound obtained by the addition of ClOH 
(i.e. Cl and OH), viz. glycol chlorhydrin, the constitution 
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CHgCl-CHgOH; consequently formula I, according to wliicli 
these substances would have the constitutions ClIj’CHBrg 
and CH3*CHCi(0H), is excluded. 

Form^a III is more pro])able than formula II: 

(a) Since methylene, Cllg:, appears to be incapable of 
existence; all attempts to isolate it have yielded ethylene, 
C2H4 (see below), so that free valencies attached to the carbon 
atom probably cannot exist. Cf., however, Chap. Lll, B. 

(b) Because the free afhnities to be assumed according to II 
are never found singly (which should in that case be possible), 
but invariably in pairs only, and indeed only on neighbouring 
carbon atoms. This is proved from the constitution of tlie 
compounds obtained by the addition, for instance, of Brg. 
Unsaturated compounds containing only one carbon atom, 
and unsaturated hydrocarbons containing an odd number of 
hydrogen atoms, are unknown. 

It is therefore to be concluded that in etliyloiie and its 
liomologues a double carbon bond, corresponding with formula 
111, exists. 

By this term “ double bond ’’ is not, however, to be under- 
stood a closer or more intimate combination. The olefines, on 
the contrary, are more readily oxidized than the ] paraffins, 
being thereby attacked at the point of the double bond. 
Other properties, especially physical ones, also give indications 
that a double bond between two carbon atoms is more easily 
broken than a single one. (Cf. Briihl, A., 211, 162.) 

1. Methylene {Melhene)^ CHg, does not exist. Numerous 
atUunpts to prepare it, e.g. by the withdrawal of hydrogen and 
chlorine from methyl chloride, or of iodine from methylene 
iodide, have invariably yielded ethylene, thus: 

2CH,C1 - 2HCI - C^H*. 

Here the two resulting CHg-residues have united together, in 
the same way as the two methyl-groups coalesced to ethane 
(p. 37). 

2. Ethylene {Ethme), olefiant gas, CH2:CH2. 

This compound was discovert in 1795 by four Dutch 
chemists. Its formula was established by Dalton, 

Illuminating gas generally contains 4 to 5 per cent of ethy- 
lene, and it is present in natural gas from oil wells and in the 
gases obtained by cracking oils (p. 42). For formation from 
elements see Pring and Fairlie^ J. C. 8., 1911, 1806. It is usually 
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prepared by heating alcohol with excess 4 >f concentrated sul- 
phuric acid, with addition of sand or anhydrous aluniinium 
sulphate, a mixture of equal portions of the two liquids being 
subsequently dropped into the evolution flask; 8ulj)hur 
dioxide, are })roduced at the same time by secondary 
reactions. A better method is to heat Jilcohol with syru]>y 
phosphoric acid at 20()° (Newih), or to pass alcohol over an- 
hydrous alum. It is farther formed by heating ethylidene chlo- 
ride, CHg-ClIClo, with sodium, or ethylene bromide with zinc. 

It may be liquefied at 0"" under a pressure of 44 atmos., 
is very slightly soluble in water and alcohol; burns with a 
luminous flame, and forms an exjdosive mixture with oxygen. 
When rapidly mixed with two volumes of chlorine and set lire 
to, it burns with a dark-red flame, with formation of hydro- 
chloric acid and deposition of much soot. It is convert(id at 
a red heat into methane, CH^, ethane, C 2 TT 6 , acetylene, CgHg, 
&c., with separation of carbon. It combines with hydrogen in 
presence of spongy platinum to etliane, OgHg. 

3, Propylene (Profene), CgH^, Only one 

olefine, CgH^, is theoretically possible and only one is known, 
viz. methylethylene. It can be prepared from isopropyl iodide 
and caustic potash, or by heating glycerol wdth zinc dust. It 
is isomeric with trimethylene (see Polymethylenes). 

4. Butylene, C 4 Hg. Three butylenes are possible according 
to theory, and three are knowm. All of them are gaseous, 
their boiling-points lying betw'een -6° and +3°. Butylene 
and pseudo-butylene are derived from normal butamq and iso- 
butylene from isobutane, since they severally combine with H 2 
to form these hydrocarbons. The first, a-biitylene, is prepared 
from normal; the second, /S-butylene, from secondary; and the 
third, y-butyiene, from tertiary butyl iodide, by the action of 
caustic potash upon these; the last can also be obtained from 
isobutyl alcohol and sulphuric acid. The isomerism of the two 
butylenes derived from normal butane is explained by the 
assumption of a double bond at different points, thus: 

CH, : CH'CH.CH, CHa'CH ! CHCH3 

a-butylene {l-^butens^ /3-butylcnc {'l-hutene) 

Isobutylene has the formula {CH3)2C:CH2 (methylpropene). The 
behaviour of these isomers upon oxidation is in accordance 
with the above formula, the oxidation always taking place at 
the point of the double bond. 
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The butylenes are isomeric with tetra-methylene (cych- 
hiitane, see Polymethylenes). 

5 . Amylene, CgHn,. A large number of isomeric araylenes 
are known, among them being Amylene (b.-pt. 35 °), which is 
obtained, together with an isomer, Iso-amylene, by heating 
ordinary amyl alcohol with chloride of zinc. For it the con- 
stitutional formula (0113)20 : CH-CHg (trimethylethylene) is 
assumed. This is known in the pure form under the name of 
“ pentiil 

The higher Olefines of normal constitution, with 12 , 14 , 16 , 
and 18 atoms of carbon, have been prepared by Krafft accord- 
ing to method b. 

Carotene and Melene (m.-pt. 62 °) are obtained by the distil- 
lation of Chinese wax and bees’-wax respectively. They are like 
paraflSn in appearance, and are only sparingly soluble in 
alcohol. 


C. Hydrocarbons, CnH2n-2* Acetylene Series 

The hydrocarbons of this series again differ from those of 
the preceding by containing two atoms of hydrogen less. In 
physical properties they closely resemble both the latter and 
those of the methane series; thus the lowest members up to 
C4H5 are gaseous, the middle ones liquid, and the highest 
solid, and in their melting- and boiling-points they do not 
differ to any extent from those of the other series with an 
equal number of carbon atoms. The specific gravities of the 
normal hydrocarbons C^g, C14, and Cjg, at the melting- 
point, gradually approach with increasing carbon to a definite 
limit ( 0 * 80 ), and are somewhat higher than those of the corre- 
sponding members of the ethylene series throughout. 

Constitution . — Upon grounds similar to those which have 
already been explained under ethylene, the constitutional for- 
mula for acetylene, C2H2, is assumed to be OH ‘OH, according 
to which the carbon atoms are joined together by a triple bond. 

For a compound C3H4, two constitutional formulae are 
possible: CHiC-CHa (allylene) and CB^iCiCE^ (allene). 

As a matter of fact, two hydrocarbons C3H4 do exist, only one 
of which, allylene, yields metallic compounds. It is therefore 
to be considered the true homologue of acetylene, containing a 
triple bond, according to the first of the two above formulae, 
wlule to allene the second formula, with the two double bonds, 
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is to be ascribed. The constitution of the tetrabromopropanes, 
which are formed from these by the addition of bromine, 
agrees with this conception. 

In their chemical relations the acetylenes stand nearer to 
the olefines than to the paratFins, in so far that they are un- 
saturated and therefore capable of forming additive products. 

1. A molecule of an acetylene can combine either (a), with 
two atoms of hydrogen or halogen, or with one molecule of 
halogen hydride, to olefines or their substitution products, 
thus : 

CHjOff 4 211 - CHa:CH, 

CHJCH + JfBr CHjICHBr (vinyl bromide) 

CH;Cn + Br, - CUBrlCHBr; 

or (b) with four atoms of hydrogen or halogen, or two mole- 
cules of halogen hydride, to paraffins or paraffin substitution 
products, thus: 

CH3 C:CH + 4H * CHa-CHa CHa 

(in j)re8eTicc of platinum black) 

CH;CH -f 2Br^ - CilBra CHBr* 

CHa-CiCH + 2HI =- CHa-CIidfs. 

Like many of the olefines, various members of this series 
combine with water under the influence of dilute acids, thus 
allyicne, C 3 U 4 , gives acetone, C^HeO; and acetylene, CgHg, 
gives cTotonic aldehyde, wdth intermediate formation of acetic 
aldehyde. The combination with water may be accomplished 
(a) by the action of sulphuric acid when, as in the case of the 
olefines, alkyl hydrogen sulphates are formed as intermediate 
products ; at 0 "^ under pressure ethylene gives a nearly theoretical 
yield of ethyl hydrogen sulphate; ( 6 ) by means of mercuric 
chloride solution or of mercury and acids; or (c) by directly 
heating the hydrocarbon with water at 300° in sealed tubes. 

CU \ ru ^ = CH3 CHO 

cii,ci('ii 1 - niaCorifa. 

2. Many of the acetylene hydrocarbons are readily poly- 
merized; thus, acetylene is transformed into benzene when 
led through a red-hot glass tube. This is an important 
synthesis of benzene: = CgHg. At the same time 

the compounds CgHg, C^oUg, &c., are formed. Similarly 
allylene, C3H4, gives mesitylene, C9H12, in contact with sul- 
fthuric acid and a little water. (See Benzene Derivatives.) 
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5, Acetyleue and some of its hoiuologues react in a char 
a(deri.stic manner with an ammoniacal solution of cuprous or 
argentic oxide, to form reddish-brown or yellow-white precipi- 
tates, e.g. CCu|CCu; CAgiCAg; CHg-CiCAg, (fee., which 
are explosive, and wdiich are decomposed by acids, such as 
HCl, with regeneration of the hydrocarbon. The first pro- 
ducts formed appear to be additive compounds, e.g. C' 2 ^^ 2 ’ 
CuCl, and these then yield the substituted derivatives. 

The mercuric compounds Hg(C:CR )2 obtained by the action 
of K 2 HgI^ on the hydrocarbons have definite melting-points, and 
are of value in characterizing monoalkyl acetylenes (J. A. C. S., 
1933, 3453, 4206). Acetylenes also react with the compounds 
R*Hg*Br, analogous to Grignard reagents (Chap. IV, G.), 
e.g. acetylene with Rdlgl give.s crystalline derivatives 
R*Hg(/: (JHgR, and rnoiioalkyl acetylenes with Grignard com- 
pounds give the com])ounds R-C-CMgBr, which are not so 
reactive as normal Grignard reagents. An additive compound 
CgHgllgClg is also known. 

The hydrogen (jf acef yltme is replaced by sodium when the 
hydrocarbon is heated with sodium or sodaniide, and the 
compounds CyiNa and C 2 Na 2 are formed. These are decom- 
posed by water or acids with evolution of acetylene. 

(For syntheses with the aid of acetylene, see Chap. BI, F.) 

All the hydrocarbons CjjH 2 n _2 do not, how^cver, give sucli 
metallic compounds, but only the monoalkyl derivatives 
R'CjCH. Hydrocarbons such as allene, CHgiCiCHg, which do 
not contain a triple bond, and even acetylene compounds such 
as CIl^-Cr^C-CHg, where no hydrogen atoms are attached to the 
C atoms betw’een whicdi the triple bond is supposed to exist, 
do not yield these metallic derivatives. 

In the case of higher homologues, isomerism may be due 
cither to the difference in position of the triple carbon bond 
in the molecule, or to the presence and different positions 
of two double bonds. The constitution of a compound is 
fixed by its behaviour or otherwise of metallic derivatives, 
and by its behaviour upon oxidation. (See Oxidation of the 
Butylenes, p. 52.) 

The official name of the acetylene homologues proper, with 
a triple carbon-linking, ends in ** ine ; that of the isomeric 
hydrocarbons, with two double bonds, in “ diene 

Formation. — 1. They arc obtained, together with the hydro 
carbons already described, by the distillation of wood, lignite, 
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coal, &c.; thus illuminating gas contains acetylene, allylene, 
and crotonylene. 

2. By treating the halide, preferably the bromine, com> 
pounds, CjjH 2 iiX 2 and with alcoholic potash or 

sodium etb oxide (CgH^ONa): 


H. /Br 

H r - H - 

BrX 


2HBr - H 


With alcoholic potash, even when excess is used, the re- 
action tends to stop at the first stage, and a brominated oleruie 
is formed, e.g. vinyl bromide (p. 70) from ethylene dibromide; 
with sodium ethoxide the elimination of hydrogen bromide 
proceeds more readily. 

Unsaturated alcohols, Cnlign.i'OH, by the elimination of 
water, yield acetylenes. 

3. By the electrolysis of potassium salts of the acids of the 
fumaric acid series (Kekule), 

4. Certain dialkyl acetylenes, E-C'C'CHg, when heated 
with sodium, give the sodium compounds of the isomers, 
R'CHg^C-CH; but when the latter are warmed with alcoholic 
potash, the opposite reaction takes place. 

Acetylene {Ethine), C 2 II 2 , was first obtained impure by 
E. Davy from calcium carbide in 1839, and ])ure by Bertheloi 
in 1849. Coal gas contains 0-06 per cent. It is synthesized 
from its elements, when an electric arc is caused to pass 
between two carbon poles in an atmosphere of hydrogen 
(Bertheloi), but other hydrocarbons are formed at the same 
time (Bons and Jerdan, J. C. S., 1901, 1042; cf. also Hutton 
and Bring, 1906, 1591). It may be obtained from ethylene 
bromide and sodium ethoxide solution; also by the incomplete 
combustion of many carbon compounds, for instance, when the 
gas in a Bunseri lamp burns at the base; and from ethane, 
ethylene, and methane at a red heat, or by the action of the 
induction spark. (See pp. 35 and 52.) The simplest method 
of preparation is by the action of water on calcium carbide, 
the water being allowed to drop gradually on to the carbide: 

CaCj -f H,0 - CaO + CaH,. 

An alternative method is from industrial gases such as coke 
oven gases or low temperature carbonization gases. After 
removal of CO the residue — mainly and CH^ — is momen- 
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tarily heated to a high temperature under reduced pressure 
and suddenly cooled. 

It becomes liquid at 1® under a pressure of 48 atmospheres. 
When stored as liquid or a gas under pressure it is liable to 
explode. Its beat of formation, ~-54-8 cab, indicates its in- 
stability and it is usually stored in cylinders containing porous 
material and a little acetone under pressure of 10 atmos. 
It burns with a luminous and very sooty flame, and has a pecu- 
liar disagreeable smell. Its flame has a high illuminating power 
when burnt in specially-constructed burners, and is largely 
made use of as an illuminating agent. It dissolves in its own 
volume of water, and in six times its volume of alcohol; is 
poisonous, combining with the hfcmoglobin of the blood. 
It is flecomposed into its elements with detonation by ex- 
plosive fulminate of silver, and also by the electric spark. 
It combines with hydrogen to ethane, when heated with the 
latter in presence of platinum black, or to ethylene, upon treat- 
ing its copper compound with zinc and ammonia. A mixture 
of scetylene and oxygen explodes violently when a light is 
ap})lied to it. Chromic acid oxidizes acetylene to acetic acid, 
and permanganate of potash to oxalic acid. It combines with 
nitrogen under the influence of the induction spark to hydro- 
cyanic acid (see this), and detonates upon being mixed with 
chlorine, but additive products, e.g. C 2 H 2 Cl 2 > however, he 
prepared. As little as '005 milligramme of it can be detected 
by the formation of the dark-red copper compound C 2 CU 2 , 
Tliis latter explodes when struck, or when heated to a little 
over 1(X)®. 

Allylene (Propine), CHg-C-CH, prepared from propylene 
bromide, CHg'CHBr-CHgBr, resembles acetylene, and the 
isomeric. 

AUene (Propadiene), CHjiCrCHj, is obtained by the electro- 
lysis of itaconic acid. 

DiaUyl (Hexa-l : b-^diene), CHg : CH-CHj-CH.-CHiCHg, is 
obtained from allyl iodide, CHgtCH-CHgl, and Na, Zn, or Cu. 

Isomeric with these hydrocarbons are certain hydro-deriva- 
tives of aromatic hydrocarbons, e.g. tetrahydrobenzene, 
decahydronaphthalene, CioH^g. (See Aromatic Compounds.) 

Certain di-olefines are of importance from their relationship 
to rubber (cf. open chain terpenes, Chap. LVII, A., and Rubber, 
Chap. LXI, B.). 
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D. Hydrocarbons CnH2n~« 

Di-acetylene (Butadime), C 4 H 2 , or CH;C*C;CH. This is 
prepared by heating the animonium salt of diacetylene-dicar- 
boxylic acid (sec this) with aininoniacal copper solution, 
whereby it is transformed into the cuprous compound of di- 
acetylene, and then warming this with potassium cyanide. It 
is a gas of a })eculiar odour, which yields a violet-red copper 
compound and a yellow silver one, the latter exploding upon 
being rubbed, even when moist. {Baeyer, B., 1885, 2269.) 

Di-propargyl (1 : or CHiC-CH^-CIIg- 
C-CH, is obtained by the conversion of diallyl into its tetra- 
bromide, and the subsequent elinjination of four molecules of 
hydrogen bromide from each molecule of the tetra-bromide ; 
b.-pt. 85*^. It gives copper and silver compounds, and takes 
up eight atoms of bromine, &c. It possesses an especial in- 
terest, as it is isomeric with benzene. Another isomeride is 
2 : 4:-Hexadiine, CR^ ClC ClCdl^, 

An interesting compound is vinyl acetylene, CIBC*CH:CH 2 , 
containing a double and a triple linking. It is formed from 
butadiine dibromide by the process of exhaustive niethylation 
(cf. Chap, LVlll). 


II. HALIDE SUBSTITUTION PRODUCTS OF THE 
HYDROCARBONS 

A, Halogen Derivatives of the Paraffins 

These are to be regarded as paraffin hydrocarbons in which 
one or more hydrogen atoms have become replaced by one or 
more halogen atoms. 

General Properties. — Only a few of these compounds, e.g. 
CH 3 CI, C 2 H 5 CI, and CHgBr, are gaseous at the ordinary tem- 
perature; most of them are liquid, and those with a very 
large number of carbon atoms in the molecule solid, e.g. cetyl 
iodide, Ci^Hg^I. The introduction of a halogen atom in any 
hydrocarbon in place of an atom of hydrogen always tends to 
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raise the boiling-point; the introduction of iodine has the 
most marked effect, and chlorine the least (cf. table, p. 60). 
Under comparable conditions, the boiling-points of the iodides 
lie, for each atom of halogen, about 50'' (40°-G0°), and those of 
the bromides about 22'^ (20''~24‘^), above those of the chlorides, 
so that the graphs obtained by plotting boiling-points against 
number of C atoms in the chain form practically })arallel curves. 
Those which contain a large number of halogen atoms, e.g. 
CCI4, CgClg, are solid. 

The lowest members of the series have, in the liquid form, 
at first a higher specific gravity than water, e.g. CII3I, sp. gr. 
2*2, C2H5Br, sp. gr. 1*47. With an increasing number of 
carbon atoms, however, the influence of the halogen diminishes, 
and they become lighter than water. 

The halogen substitution products of the hydrocarbons are 
very sparingly soluble iu water, but readily in, and therefore 
miscible to any extent with, alcohol or etlier; they also dissolve 
in glacial acetic acid, and the.se solutions are only feeble elec- 
trolyses. They often possess a sweet ethereal odour, but this 
becomes less marked with diminishing volatility. Most of 
them are combustible; thus methyl and ethyl chloride burn 
with a green-bordered flame, while ethyl iodide and chloro- 
form can only be set fire to with difficxilty. Many members 
of the series containing one or two atoms of carbon produce 
insensibility and unconsciousness when inhaled, e.g. CPIC13, 
C2H3CI3, CgUsBr, and C2HCI5. The liquid iodine derivatives 
are readily decomposed, and on exposure to light turn deep- 
brown in colour, owing to the liberation of free iodine, e.g. 
ethyl iodide liberates iodine and gives C4H10. 

In all these compounds the halogen is more firmly bound 
than in inorganic salts, so that, for instance, when silver 
nitrate is added to an aqueous solution of a chlorine com- 
pound, e.g. chloroform, it causes no precipitation of AgCL 
Nevert^heless, the halogen is in most cases readily exchangeable 
for other elements or groups, a circumstance of the utmost 
imi)ortance for many organic reactions. This is especially 
true for the iodine and bromine compounds, which react more 
readily than the chlorides, and, on account of their lesser 
volatility, are easier to work with; thus CgHgBr reacts with 
AgN03 at the boiling temperature, and CgHgl in the cold. 

In all these halogen compounds the halogen can be again 
replaced by hydrogen by inverse substitution, e.g. by sodium 
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amalgam, by zinc dust and hydrochloric or acetic acid, or by 
heating with hydriodic acid. (See p. 32.) 

Of fluorine compounds, comparatively few are known; 
CHgF and CgH^F are gases. 

Nomenclature . — The best system of nomenclature is to regard 
them as derived from the corresponding hydrocarbons, e.g. 
CHCIg trichloro-methane, CH3I mono-iodo-rnethane, and if 
necessary to indicate the carbon atoms to which the halogen 
radicals are attached, e.g. CIIgChCHaCl 1 : 2“dichloro-ethane,’‘' 
CHy-CHBr^ 1 : 1-dibromo-ethane, CHaBr-CHg-CHo-Br 1 : 3-di- 
bromo-propane, CIl3-CH(Cll3)-CHBr-CH2-CH2Br 2-methyl- 
3 : 5-dibromo-pentane. 

Formation. — 1. By Substitution. — Chlorination ajid Bro- 
mination. Chlorine and bromine act for the most part as direct 
substituents (see p. 31). With the gaseous hydrocarbons their 
action even in the cold is an extremely energetic one (e.g. 
chlorine mixed with methane easily causes an explosion, 
so that dilution with CO2 is necessary); the higher members 
require to be heated. 

HALOGEN SUBSTITUTION PRODUCTS 
Saturated Compounds 

(a) JMono-substituled Derivatives. 

Chloride Bromide Iodide 



B.-p. Sp. gr. 

B.-p. 

Sp. gr. 

B.-p. 

Sp. gr. 

Methyl 

-23-7'’ 0-952 

4 4-5^ 

1-7,32 

+ 45'^ 

2-293 

Ethyl . . 

.. +12-2 0-918 

38 4 

l-4(>8 

72-3 

1-944 

K-lh'opyl 

46-5 0 912 

71 

1-383 

102-5 

1-786 

/ 50 - Propyl 

36-5 0-882 

60 

1-340 

89 

1-744 

w -Butyl 

78 0-907 

103 

1-305 

130 

1-643 

a-f*entyl 

105-7 0-883 

128 

1-223 

156 

1-517 

w-Hexyl 

134 0-872 

166 

1 173 

180 

1-441 

M.-Heptyl 

. . 169-5 0-881 

179 

M33 

204 

1-401 

a- Octyl 

. . 184 6 0-879 

204 

M16 

225 

1-341 

(6) Di~suhstituted Derivatives. 






Chloride 

Bromide 

Iodide 


B.-p. Sp, gr. 

B.-p. 

Sp. gr. 

B.-p. 

Sp. gr. 

Methylene 

42° 1-337 

97° 

2-498 

180° 

3-292 

Ethylene 

. . 84 1-260 

131 

2-189 solid; m.- 

o. 8L~82 

Ethylidene 

.. 68 M89 

110 

2-080 

178 

2-84 


•This is identical with ethylene dichloride. It should never be termed 
dichlorethylene, which is CHCl ; CIICl, a substitution product of ethylene. 
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(c) Tri-subetituted Derivatives, 

Chloroform Bromoform Iodoform 

CHXg . . .. b.-p. 61® b.-p. 161® meltfi at 119® 

sublimes 

(d) Tetra -substituted Derivatives, 

Chloride Bromide 

Carbon tetra- 76'" m.p. 92°; b.-p. 189® 

CX* .• 

Unsaturated Compounds 

Chloride Bromide Iodide 

Vinyl, CH8:CHX .. .. -18° +16° 56° 

Allyl, CH,:cn CH,X .. 46° 71° KKl® 

Trichlorethylene boils at 88°, tetrachlorethylerie at 121 °. 
Monochlor- and monobrom-acetylene are gaseous. 

Compounds of the type CClgBr, CCl2Br2, CCI2I2, &c., are 
also known. 


The first halogen atom enters most easily into the com- 
pound, the substitution becoming more difficult as the nuiiiber 
of those atoms present increases. In the case of the higher 
hydrocarbons, two isomeric mono-substitution products are 
usually formed. The action of the halogens is further facili- 
tated by sunlight, and by the presence of iodine, this latter 
acting as a carrier of chlorine by the alternate formation of 
ICI 3 and ICl, thus: IOI 3 = ICl + 2C1. Antimony penta- 
chloride and ferric chloride act in the same way (and also for 
brominating and iodating — B., 1885, 2017; A., 231 , 195); iron 
wire is especially useful in brominating (B., 1891, 4249). When 
complete chlorination is required, the substance in question is 
repeatedly saturated with chlorine in presence of iodine, and 
heated in a tube to a high temperature. 

From methane are formed the whole series of substitution 
products up to CCI 4 . 

Ethane first yields ethyl chloride, CgHgCl, then ethylidene 
chloride, C2H4CI2, and so on up to C^Cl^. 

From propane is first produced normal propyl chloride, 
C 3 H 7 CI, and finally CgClg. The latter decomposes, upon 
vigorous chlorination, first into CgCl^ and CCI 4 , and the per- 
chloro-cthane subsequently into two molecules CCI 4 . On 
chlorinating butane and the higher hydrocarbons strongly, an 
analogous splitting up of the molecule is effected. Strong 
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chlorination or bromination readily gives rise at the same time 
to hexachloro- or hexabromo-benzene. 

Iodine seldom acts as a direct substituent, since by this 
reaction hydrogen iodide would be formed, which would then 
reduce the iodine compound back to the hydrocarbon. (See 
p. 32.) To induce the action, therefore, the HI formed must be 
removed by HIO3 or IlgO. The iodine substitution products of 
the hydrocarbons are usuaDy prepared indirectly (according to 
2 or 3.) 

2. From Unsaturated Hydrocarbons. These combine readily 
with halogen or halogen hydride. (See p. 46.) 

Ethylene gives with hydrochloric, hydrobromic, and hydri- 
odic acids, ethyl chloride, &c., i.e. mono-substitution products 
of ethane; with chlorine, &c., it gives di-substitution products. 

The compound C2H4CI2, obtained by the action of chlorine, 
is called ethylene chloride, has the constitutional formula 
CHgCTCHgCl, and is isomeric with the ethylidene chloride 
CH3-CHCl2„ obtained by the chlorination of C2H5CI. (For an 
explanation of this isomerism, see p. 67.) 

Propylene combines with hydriodic acid to isopropyl iodide, 
CgH7l, which is reconverted into propylene by elirriination of 
HI. But the same propylene results from a compound isomeric 
with isopropyl iodide, viz. normal propyl iodide (and also, of 
course, from the above-mentioned normal propyl chloride) by 
the elimination of hydrogen iodide (or chloride), so that by this 
reaction normal propyl iodide can be transformed into iso- 
propyl iodide. (See p. 65.) From the three butylenes there 
are formed two butyl iodides, viz. secondary and tertiary, 
which, as well as the two other existing butyl iodides, yield 
these butylenes again with alcoholic potash; in this way the 
two last-mentioned butyl iodides are convertible into their 
isomers, the two first (see p. 65). 

A study of the constitution of the compounds formed, shows 
that in these additive reactions the halogen invariably attaches 
itself to (hat carbon atom with which are combined the least number 
of hydrogen atoms (cf. Chap, LI), e.g, 

CHa-CHrCH^ f HI - CHa CHI CH 3 CH, CH. CH,I); 

from C3H7X onwards, therefore, we obtain only ‘‘ secondary 
and “ tertiary ” * compounds. 

• The names “ primary “ secondary and ” tertiary compounds arc 
founded upon those of the alcohols — primary, secondary, and tertiary — in 
question, from which they can be prepared according to method 3, a. 
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3. From Compounds containing oxygen. 

(a) From the alcohols In these the OH is 

readily exchangeable for chlorine, bromine, or iodine by the 
action of halogen hydride, thus: 

In such exchange the halogen takes the place of the hy- 
droxyl, so that the constitution of the halide ]>roduct corre- 
sponds with that of the alcohol used. 

These reactions are reversible or balanced, and a state of 
equilibrium is reached; according to the law of mass action, 
it is therefore necessary either to use a large excess of halogen 
hydride, or to remove the water formed, by sulphuric acid, 
xinc chloride, <fec. 

Methyl and ethyl chlorides are easily prepared by distilling 
the corresponding alcohol with common salt and sulphuric 
acid, or by leading hydrogen chloride into the warm alcohol 
containing half its weight of zinc chloride in solution {Groves). 

The chlorides of phosphorus react in much the same way 
with alcohols as with water, thus: 

PCI3 I :dD>H - P(0H)3 + IHICl 

PCb + BCaH.OH - P(0H)3 f :K!2H,CL 

Phosphorus pentachloride is most frequently used for this 
purpose, 

PCh + CaHjOH » C2H5C! + HCl + POClg. 

Phosf>horus oxychloride itself is also sometimes eTn})loyed. 
The use of phosphorus chlorides is not common, as complex 
phosphorus compounds are formed, and thionyl chloride 
SOCI 2 often gives better vields (M'Kenzie and others, J. C. S., 
1913, 698; J. Biol, C,, 1924, 551). 

+ SOCl^ 4 SO3 + liVl 

Of especial importance here is the ap]>lication of the halogen 
compounds of phosphorus in the production of bromine and 
iodine compounds. The former need not be prepared before- 
hand, the end being achieved by gradually bringing phosphorus 
and iodine or bromine together in presence of the alcohol: 

3 CH 3 OH + P -f 31 - 3CH,1 + HsPOj. 

This is the method usually employed for the preparation of 
methyl and ethyl iodides. 
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(b) The halogen derivatives may also be prepared from 
poJyhydi'ic alcohols, e.g. trichlorhydrin, €311^013, from gly- 
cerol, C3H5(0H)3, and FCl^; isopropyl iodide, C3H7J, or ailyl 
iodide, CgHst, from glycerol and PI3 according to the con- 
ditions of the experiment (see p. 65); hexyl iodide, CyHjyl, 
from mannitol, CeHg(01i)3 and HI, the latter acting bore as 
a reducing agent also. 

(c) From aldehydes and ketones (see these), dichloro sub- 
stitution products are formed by the action of PCI3, e.g. ethyli- 
dene chloride, CH3‘(TICi2, from aldehyde, CIIg-CHiO; ace- 
tone chloride, CHa-CClg'CHa, from acetone CHa-CO-CH.^. 

4. Chlorine and bromine compounds are frequently formed 
from the corresponding iodine or bromine ones by direc.t ex- 
change, e.g. isopropyl bromide from the iodide, or methylene 
bromide from methylene iodide; (also by treatment with mer- 
curic chloride, sDiiinic cliloride, or fuming hydrochloric acid). 
Conversely the chlorides and bromides may be transformed 
into the iodides by heating with sodium iodide in alcoholic* 
or better acetone solution (B., 1910, 1528), dry calc ium iodide, or 
with fuming hydriodic acid. Fluorides are often formed from 
iodides and silver fluoride at room temperature. 


MONO-SUBSTITUTION PRODUCTS 

The methyl and ethyl compounds are usually obtained from 
the corresponding alcohols by one or other of the following 
methods: (a) Grove’s method (p. 63); (b) action of concen- 
trated sulphuric acid and sodium halide; (c) phosphorus and 
halogen. 

Methyl chloride is often obtained by heating trimethyl- 
amine hydrochloride at 360°. Methyl chloride is used for the 
production of artificial cold, for extracting perfumes from 
flowers, and for methylating dyes in the colour industry. It 
burns with a green-bordered flame. The bromide is utilized 
as a fire extinguisher. 

Ethyl Fluoride, CgHgF. A gas of ethereal odour, which 
liquefies at —48°; it burns with a blue flame, and does not 
attack glass. 

Ethyl chloride is manufactured by passing HCl gas and 
ethyl alcohol vapour over activated charcoal and phosphoric 
acid at 280-300°. Yield 95 per cent. It is used as a local 
ansesthetic. 
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Each Propyl halide, O3H7X, exists in two isomeric forms, 
the normal propyl and the isopro]>yl compounds, the former 
boiling at a somewhat higher tem])erature than the latter. To 
the normal compounds the constitutional formula CHa-CHg* 
CH2X is ascribed, and to the iso-compounds the formula 
CHg-CnX-Clfa, since they are derivable respectively from 
normal propyl alcohol and from isopropyl alcohol or acetone, 
the constitutions of which can readily be determined. 

According to tlu'ory only these two cases are possible, since 
propane, Clf3 CJl2*CH3, contains but two types of hydrogen 
atoms, viz.: (1) six combined with the end carbon atonLs, and 
(2) two combined with the middle ones. For the transforma- 
tion of the normal into the iso-compounds, see p. 62. 

Isopropyl iodide, 2-iodoproj>anc, is prepared from glycerol, 
phosphorus, iodine, and water (see p. 64); ally] iodide (p. 71) 
is formed as intermediate product, and at the same time some 
propylene (p. 52): 

CaHgCOH), + 3H1 - « C,H J + L. 

CgHjI 4 HI » CjHe 4 - I,. CgH^l 4 2HI - 4 I,. 


Each Butyl-halide compound, C4HJJX, is known in four 
isomeric forms, which differ from one another in boiling-point 
(up to ,W). 

Four isomers are theoretically possible; thus from normal 
butane, CHg-CHg'CHg’CHg, are derived: 

(a) CHa-CHj CHj CHJ and (6) CH, CH, CHI CH3 
Normal butyl itidide (l-wdobutane) Secondary butyl iodide ('Z-iodQ?utane) 

according to whether a “ terminal or ‘‘ central ” hydrogen 
atom is replaced; similarly from tri methyl methane, CH(Cll3)3, 
are derived: 


CH,. 

(c) y^Hcnj 
cu/ 

Isobutyl iodide 
(2~methyl-l -iodopropane) 


CII.\ 

and (d) X’ICH, 
CH/ 

Tertiary butyl iodide 
1 Ay/- ’’I-iodopropane) 


The constitutions of these four compounds follow from 
those of the four corresponding butyl alcohols (p. 74), from 
which they can be prepared by the action of halogen hydride. 

Isobutyl bromide changes into the tertiary compound when 
heated at 230°-240'^, and the reverse change also occurs, so that 
the final product is an equilibrium mixture of the two isomers, 
containing 80 per cent of the tertiary, and the rate of change 
( B 480 ) 4 
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largely depends upon the presence of impurities {Michael 
and others, A., 1912, 398, 81; J. A. C. 8., 1916, 653; Bninel, 
1917, 1978; cf. also C. K., 1913, 166, 659. 

The Isobutyl compounds are the easiest to prepare (from 
isobutyl alcohol). The Tertiary readily react witli HgO to 
form the alcohol and halogen hydride, this taking place even 
in the cold in the case of the iodide. 

These mono-halogen derivatives are one of the most impor- 
tant groups of reagents employed by the organic chemist, on 
account of the readiness with which the halogen atoms may 
be replaced by other radicals, 

So7ne of the more characteristic reactions are; 

1. Keplacement of halogen by hydrogen. Inverse substi- 
tution (see p. 32). 

2. Eeplacement of halogen by OH (hydroxyl) (p. 77), 

C^IIsT H,0 - C2H,0H + HI, 

generally by the aid of aqueous alkali, moist silver oxide, or 
lead oxide and water. 

3. Alkalis in alcoholic solution, or alcoholic solutions of 
sodium methoxide (CHg-ONa) or sodium ethoxide (CgHs-ONa), 
as a rule, eliminate halogen hydrides, and yield olefines, 
CHgTCIIg — HI •-= CH2:Cll2. It is necessary that the halogen 
derivative contain at least two carbon atonm, and that a 
hydrogen atom should be attached to a carbon atom adjacent 
to the one to which the halogen is united. 

Tertiary iodides react most readily, thus tertiary-butyl iodide 
0(0113)3! with alkali, with ammonia or with silver cyanide 
does not vield -OH, -NEg or -ON derivatives, but the buty- 
lene C(CHj) 2:CH2. 

4. The halogen may be replaced by the amino group ‘NHg 
by the aid of ammonia under pressure, by the nitro group 

0 

•N^ or nitrite radical -O-NiO (p. 104), and by the nitrile 
radical 'CiN (p. 111). 

For their use as synthetical reagents, see pp. 139, 261, 272. 

The reactivity of a halogen compound depends upon several 
factors: (1) The nature of the halogen atom; as a rule I reacts 
most readily and F least readily. (2) The nature of the adjacent 
groups, e.g. tertiary butyl iodide is more reactive than the 
w-compoimd. In CHgBr-CHg-CHjBr both bromine atoms are 
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readily replaced by OH or CN, whereas in CHgBr-CRg-CHjBr 
it is difficult to re{)lace the bromines. (3) The type of linking 
in the carbon chain. Thus a double link in the ap position 
with respect to the halogen renders the halogen more difficult 
to displace. (4) The nature of the reagent employed. Thus a 
methyl halide is more reactive to sodium phenoxide, C JJgONa, 
than is an (*thyl halide, but with AgN02 ethyl iodide reacts 
more readily than methyl iodide. 


DI-SUB>STITUTION PRODUCTS 

Methylene chloride, CH2CI2, Methylene bromide, CHgBrg, 
and Methylene iodide, CH2I2, are colourless liquids which 
are obtained either from the tri-halide substitution products 
by inverse substitution, or from the mono-substitution pro- 
ducts by the introduction of more halogen. 

The compounds C2H4X2 exist in two isomeric forms, viz.: 

CHjX CHjX (ethylene) and CH3 CHX, (ethylidene). 

The ethylene dichloride and dibromide are formed by the 
addition of halogen to ethylene or by the action of hydrogen 
halides or phosphorus halides or glycol (cf. Chap. VIII, A.). With 
alcoholic potash or sodium ethoxide they yield, by the elimin- 
ation of 2HX, acetylene. Their formation from and their ready 
conversion into glycol (replacement of Cl or Br by OH) sup- 
port the structure given above, as glycol with HCl readily 
gives glycol chlorhydrin C2H4Cl(OH) and this oxidized gives 
chloracetic acid (Chap. VI, D.) in which it can be proved that the 
Cl and OH are attached to diRerent carbon at/oms and hence 
in the chlorhydrin the Cl and OH, in glycol the two OH groups, 
and in ethylene dibromide the two Br atoms are attached to 
different carbon atoms. 

The Ethylidene compounds are obtained from aldehyde 
(para-aldehyde) by exchange of the oxygen for halogen by 
means of phosphorus chloride, &c. Ethylidene chloride, 
ethidene chloride, or 1 : l-dichloroethane, is most conveniently 
prepared with phosgene, COClj, thus: 

CMa'CHro 4 cocij - cHg Cncij + co,. 

It is also formed by the further chlorination of C2H5CI, and is 
a by-product in the manufacture of chloral. Its boiling-point 
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(57®) is lower than that of ethylene chloride (84®). It is an 
ansestbetic. 

Propylene chlorides, CgHgClg, bromides and iodides, are 
likewise known. One grou]> is formed by the addition of 
halogen to propylene, and thus has an nnsymmetrical con- 
stitution, e.g. propylene chloride, 1 : 2-dichloropropane, 
CH3*C1IC1*C11 oC 1. Isomeric with this group are the sym- 
metrically-constituted Trimethylene derivatives, of which tri- 
methylene- bromide, 1 : 3-dibromo-propane, CH2Br-CH2*CH2Br, 
results from the addition of hydrobromic acid to allyl bromide: 

CHa.'CH CH^Br + HBr - CH.Br CH. CHaBr 


THI-SUBSTITUTION PRODUCTS 

Chloroform, CIICI3 (Liebig and Souheiran, 1831 ; formula 
established by Dumas ^ 1835). 

Formation . — Of theoretical interest is its formation from 
methane or methyl chloride. A common method of prepara- 
tion is by the action of bleaching powder on alcohol or 
acetone. An improved method is the saturation of alcohol 
with chlorine and treatment of the product with lime and a 
little bleaching powder. To obtain pure cliloroform on a 
small scale, chloral or its hydrate is warmed with alkali 
solution, CCI3 CHO + NaOH->CHa8 -f H-COONa. It is 
highly probable that aldehyde and chloral are intermediate 
products when alcohol is used. It can also be obtained elec- 
trolytically from alcohol or acetone and alkali or alkali-earth 
chloride solutions (Z. Elec., 1919, 85, 116). 

It is a colourless liquid of a peculiar ethereal odour and 
sweetish taste, is sparingly soluble in water, and solidifies 
below —70®. B.-pt. 61*2®. Sp. gr. 1-527. It dissolves fats, 
resins, caoutchouc, iodine, &c., and is also a most valuable 
ansesthetic (Simpson, Edinburgh, 1848). 

The carbylamine reaction (see Iso-nitriles) furnishes a deli- 
cate test for the presence of chloroform. 

Bromofoim, CHBrg, is sometimes present in commercial 
bromine. 

Iodoform, CHI3 (Serullas, 1822; formula established by 
Dumas), is prepared by warming alcohol with iodine and 
alkali or alkali carbonate: 

C^HjOH + 41, 4 6KOH - CHI, ^ HCO,K + 5KI + 6H,0. 
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It can also be prepared in the same way from acetone, 
aldehyde, lactic acid, and, generally, from compounds which 
contain the group CH3*CII(OH)‘C, or CII^-CO-C (Lichen), 

An electrolytic method consists in passing a current through 
a solution containing potassium iodide, sodium carbonate, and 
alcohol, the temperature being kept at 65''. Some 85 per 
cent of the potassium iodide is thus converted into iodoform. 

It crystallizes in yellow hexagonal plates, melts at 119°, has 
a peculiar odour, is volatile with steam, and is an important 
antiseptic. It contains only 0-25 per cent H, which at first 
caused the presence of the latter to be overlooked. 

The compound CHCIaF, obtained from CHCI3 and SbFg 
has b.-pt. —20°, and is used in refrigerating and air-con- 
ditioning plants. 

Methyl chlorofonn, CHg • CCI3. This compound, the tri- 
chloride of acetic acid, also acts as an anaesthetic. 

Glyceryl chloride, Trichlorhydririy 1:2: 3-trichloropropane, 
CH2C1-CHC1-CH2C1, is obtained from glycerol and PCI3 
(p. 64). B.-pt. 158°. The corresponding bromine compound 
is also known, but not the iodine one, C3H5I3, as it immedi- 
ately decomposes (i.e. when glycerine, phosphorus, and iodine 
react together) into allyl iodide, C0II3I, and Ij. 


HIGHER SUBSTITUTION PRODUCTS 

Carbon tetrachloride, CCI4, prepared from chloroform or 
carbon disulphide and chlorine, is a colourless liquid, and is 
used as a solvent for fats, and in fire extinguishers. 

The tetrabromide, from bromine and CSg, is sometimes used 
for brominating, e.g. alkylbenzenes (J. A. C. S., 1932, 2025). 

Perohloro-ethane, CgCle. Rhombic plates of camphor-like 
odour. Melts and sublimes at 185°. For other halogen deri- 
vatives of ethane, cf. Chap. LI, F. 

The chemical properties of these polyhalogen derivatives 
are somewhat similar to those of the monohalogen derivatives. 
They may be reduced, transformed into the corresponding 
alcohols, or the halogen atoms replaced by NHg radicals, &c. 
The action of alkalis on the polyhalogen derivatives, in which 
the halogen atoms are attached to the same carbon atom, 
is interesting. They do not yield di- or tri-hydroxy compounds 
as such compounds with two or more OH groups attached to 
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the same carbon atom are urisiabh* aiKi lose water, yielding 
aldehydes, ketones or acids: 

CH,(mcu->cu^ci[:o, 

CH. CnCl^ CH^ -> CH3 CO OH, 

CH3 COI, CHj CO-OH. 


As a rule moderately high temperatures are required. 


B. Halide Derivatives of the Unsaturated 
Hydrocarbons 


(a) From Olefines. 

These compounds are obtained either by eliminating part of 
the halogen as halogen hydride from the di-halogen derivatives 
of the saturated hydrocarbons, or by incomj)letely saturating 
the hydrocarbons poorer in hydrogen with halogen or halogen 
hydride, e.g.: 

CaH.Br, ~ HBr » CaH.Br. + HBr - CjH,Br 

or by elimination of Clg saturated tetrahalogen 

derivatives by the action of zinc dust: 

~ Cla OaHgCb. 

These unsaturated products are very similar to the corre- 
sponding saturated ones, but they are, of course, capable of 
combining further with halogen or halogen hydride, and they 
exist in stereo-isomeric modifications. (See Fumaric Acid.) 

When the halogen atom is attached to one of the C atoms 
forming the olefine link, as in the vinyl compounds, it is not so 
readily replaceable by OH, NHg, CN as in the saturated 
halides. 

Vinyl chloride, chloroprene, chloroethene, CHgrCHCl, is 
of commercial value for the manufacture of duprene (cf. 
Artificial rubbers, Chap. LXI, E.), and is formed from acetylene 
and HCl. 

Vinyl bromide is usually prepared from ethylene di-bromide 
and alkali. 

Allyl-chloride, -bromide, and -iodide, 3-iodo-Dpropene, 
CHgiCH-CHgX, are of importance on account of their relation 
to the allyl compounds found in nature, e.g. oil of mustard and 
oil of garlic. They are usually prepared from the alcohol, 
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ally! alcohol, but the iodide is prepared from glycerol, phos- 
phorus, and iodine, and from it, by means of HgClg, the 
chloride. In these compounds the halogen is more reactive 
than in the common alkyl halides. 

Isomeric with these are the propylene compounds, e.g. 
a-chloro-propylene (l-c/doro-l-propewc), CHCliCH-CHg. 

Trichloroethylene {Westrosol)^ CCl 2 :CIICl, a heavy liquid 
boiling at 88^, is an important s.olv'^ent for fats, and is formed 
by the action of dilute alkalis on acetylene tetrachloride, 
CHClg'CIIClg, a product formed by the union of acetylene 
and chlorine (Cliap. LI, F.). 

From acetylene arc formed the Grignard reagents, 
CH-CMgBr and BrMg*C:C*MgBr, which are used for syn- 
thesizing unsatii rated alcohols and glycols (Abs., 1914, i, 
393, 40i, 405). 


III. MONOHYDRIC ALCOHOLS, OR ALKYL 
HYDROXIDES 

Alcohols may be regarded as paraflins in the molecules of 
which one or more hydrogen atoms have been replaced by one 
or more univalent hydroxyl groups, -O-H. I'lie -O-H group 
is thus characteristic of alcohols. For the proof of the presence 
of the OH group, see p. 10. They are usually divided into 
groups, according to the number of such radicals contained in 
the molecule: di%dric,e.g.C 2 H 4 (OH) 2 ; trihydric,Q,g.C^E^{OE)^\ 
hexahydriCy e.g, C 4 Hg( 0 H)e, &c. 

The inonohydric alcohols are either saturated or unsaturated, 
according to the hydrocarbons from which they are derived. „ 
The unsaturated closely resemble the saturated, except that 
they are capable of forming additive compounds. 

A. Monohydric Saturated Alcohols, CnH2n+iOH 

(See Table, p. 73) 

The lowest members of this series are colourless mobile 
liquids, the middle ones are more oily, and the highest — from 
dodecyl alcohol, CigHg^OH, onwards — are solid at the ordi- 
nary temperatures, and like paraffin in appearance. Gaseous 
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alcohols are unknown; and it it 
duction of OH for H raises the 
Compare : 

B.p. 

CH4 .. .. 

CgHe .. .. -88-;r .. 
C2H5(01I) .. 78-5° .. 


thus obvious that the intro- 
boiling-point of a substance. 

B.p. 

.. CH 3 OH.. .. 6^15° 

.. CyisOH .. 78'5° 

.. C,H4(0H)2 .. 197-6“ 


With compounds of analogous constitution the boiling- 
point rises with tolerable regularity; in the case of the lower 
members by about 19°, and higher up in the series by a smaller 
number. 

The lowest members are miscible with water, but this 
solubility rapidly diminishes as the molecular weight in- 
creases; thus butyl alcohol requires 12 parts, and amyl alco- 
hol 40 parts of water for solution, while the higher members 
are no longer soluble in w^ater. The former can be separated 
or salted out from their aqueous solution by the addition 
of salts, e.g. K 2 CO 3 and CaC/lg. 

The specific gravity is always < 1 . The highest members 
(over Cia) can be distilled undecomposed only in a vacuum; 
at the ordinary pressure they break up ipto olefine and wafer. 
The lowest members possess a spirituous odour, those with 
more than five C atoms an odour of fusel, and both have a 
burning taste, while the highest members are like paraffin in 
appearance and without either taste or smell. 


CONSTITUTION AND ISOMERS; CLASSIFICATION 
OF THE ALCOHOLS 

Propyl alcohol, CgH^-OH, and the higher members exist in 
different isomeric modifications; thus there are two propyl, 
four butyl, and eight amyl alcohols, &c. 

The number of isomeric forms theoretically possible can be 
determined by taking the formulae for the corresponding satu- 
rated hydrocarbons, and seeing in how many different positions 
the OH group can be introduced, e.g. CHg-CHg’CHg, propane 
can obviously give: 

CHa-CHj-CHjOH and CHaCHfOHlCH, 
two distinct propyl alcohols. 
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Butaue exists in two forms: 

OH^ CHa CH.-ClL or normal and (CH3)3CH or iso. 

From the n-butane are derived: 

CHg CHa CHjj CHa OH and CH3CH3CH(0I1)-CH,. 
from the iso: 

(CH3)aCHCHaOH and (CIIaLOOH; 

but no more. 

Of these isomerides, some only are oxidizable to acids, 
CijHgiiOg, containing an equal number of carbon atoms, an 
aldehyde, CjjH 2 n^O, being formed as intermediate product. 
Such alcohols are termed primary alcohols (primary propyl, 
butyl, and isobutjd alcohols, &c.). 

Another class of alcohols is not oxidizable to acids with 
an equal number of atoms of carbon, but to ketones, Cn]i 2 n^> 
by the removal of 2 atoms of hydrogen, e.g. isopro})yl alcohol 
yields acetone, CglieO. These are termed secondary (secon- 
dary butyl alcohol). Upon further oxidation the ketones do 
indeed yield acids, which, however, contain not an equal but 
always a smaller number of carbon atoms, as the result of a 
rupture of the carbon chain. 

Lastly, the third class of alcohols, the tertiary, yield upon 
oxidation neither aldehydes, ketones, nor acids with an eijual 
but always a smaller number of carbon atoms, due to the 
fission of the carbon chain. 

Constitution of Alcohols. — In the molecule of a mono- 
hydric alcohol one of the hydrogen atoms plays a part different 
from that of the others; thus it is replaceable by metals (K 
and Na), and by acid radicals, and, together with the oxygen 
atom, combines with the hydrogen of a halogen hydride to 
form water, while the other hydrogen atoms of the alcohol 
remain unchanged. This hydrogen atom, which has already 
been formulated under the Theory of Types apart from the 
others, is called the “ typical ’’ or ‘‘ extra-radical ” hydrogen 
atom. It is not joined directly to the carbon atom, but 
through the oxygen one, a conclusion which is confirmed by 
the formation of alcohols by the action of alkalis (KOH) on 
monohalogen derivatives of the paraffins. (See p. 77). This 
point has been previously discussed (p. 10) for ethyl alcohol. 

The alcohols therefore contain a hydroxyl group, OH, and 
their general constitutional formula is (CnH 2 n^i)’OH, 
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According to theory, this hydroxyl can either replace an 
atom of hydrogen in a methyl group, in which case an alcohol 
containing the group -CHgOII (one carbon atom being joined 
to the other by a single bond) results, e.g. CHj-CHg-OH. 
Or it can replace the hydrogen of a CH^: group in a hydro- 
carbon, so that the resulting compound contains the group 
:CH*OH, the carbon being here joined to two other carbon 
atoms. Or, lastly, it is possible that in a hydrocarbon vnih 
a branching carbon chain, the hydrogen of a methine group 
CII ; may be re})laced by hydroxyl, when the resulting alcohol 
would contain the group JC-OH, in which one carbon atom is 
joined to three others. 


Now, it is easy to see that the group can, by 


.0 


further oxidation, be transformed into ‘Cf . The latter, 


which is termed carboxyl, is cont^iined in the acids Cjjn 2 n 02 , 
or which are formed by the oxidation of the 

primary alcohols. Consequently it is the primary alcohols 
which contain the group •CHg'OH. 

The group :C1I*()H can likewise be changed into :C:0 


i.e. — HgO), which is the characteristic group of 

^OH ^ 


the ketones, by oxidation, A further introduction of 0 or 
OH, w^hereby acids containing the group -CO* OH would 
ensue, is not possible in this case without a rupture of the 
carbon chain, since the carbon atom is tetravalent. Since 
then it is the secondary alcohols which upon oxidation yield 
ketones, and not acids with an equal number of carbon atoms, 
the group :CII-OH is characteristic of these. 

Finally, the group -C OH already contains the maximum 
of oxygen which can be combined with a carbon atom already 
linked to 3 other atoms of carbon. A compound, therefore, in 
which this atomic group is present, cannot yield, when oxi- 
dized, an aldehyde, acid, or ketone with an equal number of 
carbon atoms in the molecule, but the result of such oxidation 


must be the breaking of the carbon chain, and the formation 
of acids or ketones containing a smaller number of carbon 
atoms in the molecule. This being the behaviour of tertiary 
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alcohols, the group ; C-OH is peculiar to them. The existence 
of the three classes of alcohols finds in this way a thoroughly 
satisfactory exj)Ianation from theory. 

Secondary and tertiary alcohols were predicted by Kolbe in 
1859 from theoretical considerations (A., 113, 301; 132, 102). 

Among the isomeric alcohols the primary possess the highest, 
and the tertiary the lowest boiling-points (cf. p. 73). Similar 
generalizations appear to hold good for other physical pro- 
perties; specific gravity, specific refractive indices, and capil- 
larity constants. The tertiary have the highest melting-points. 

Determination of Constitution, — The determination of the con- 
stitution of any specific alcohol is based largely on its method 
of formation and on its products of oxidation. E.g. Isopropyl 
alcohol may be obtained by the reduction of acetone 
C:0, and must therefore have the constitutional formula 
(CH3)2*CH‘0H, and not CU^Cll^CU^OlL This is con- 
firmed by the fact that on oxidation it yields the ketone 
acetone. 

Similarly isobutyl alcohol must be represented as (ClLdg: 
CH-CHg-OH, since on oxidation it yields fso-butyric acid, 
the constitution of which is known to be (0113)2 :CH‘CO*OH. 

A method of distinguishing primary, secondary, and tertiary 
alcohols is given on p. 107. Another method suggested is the 
action of dry potassium hydroxide at 230®. Primary alcohols 
give acids containing the same number of carbon atoms, 
secondary peld complex alcohols by condensation, and tertiary 
are unaffected (Guerbet, C.R., 1912, 154, 222, 713, 1487). 

Occurrence, — Different alcohols are found in nature free or 
combined with organic acids as esters in ethereal oils and 
waxes. 

/. General Methods of Formation. — 1. By ^^saponification’’ or 
“ hydrolysis ” of their esters, i.e. by boiling these with alkalis or 
mineral acids, or by the action of superheated steam, thus: 

C.Hs-CO OCjjHj 4- KOH - C^H^^ CO OK + C^HjOH. 

Ethyl benzoate Potassium benzoate 

Most of these processes of hydrolysing require some little 
time, and the ester is boiled with the alkali KOH solution 
in a flask fitted with a reflux condenser. 

Some esters, e.g. ethyl hydrogen sulphate, decompose when 
simply warme<l with water : 

H « OA-OH + 80, (OH),. 
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This method is employed on a large scale for the production 
of many alcohols. The raw materials are the olefines present 
in natural and cracked gases which are absorbed by sulphuric 
acid of suitable concentration and the resulting alkyl hydrogen 
sulphates hydrolysed by boiling with w^ater (cf. p. 76). A 
separation of a mixture of olefines can be effected by using 
acid of different concentrations combined with control of tem- 
perature. Thus at 30^ a 66 per cent acid. absorbs ?>o-butylene 
almost exclusively, 85 per cent acid absorbs n- and pseudo- 
butylenes, 94 per cent acid absorbs propylene, and at lOO"^ 
98 per cent acid absorb.s ethylene. By using packed towers 
down which acids of different concentrations pass and gases 
in the counter direction, nearly theoretical yields can be ob- 
tained. The alcohols made by this method are ethyl, iso- 
propyl, i^o-butyl, secondary butyl, tertiary butyl and most of 
the amyl alcohols. It is to be noted that no appreciable 
amounts of primary alcohol — with the exception of ethyl — are 
formed by this method. 

An alternative method is to absorb the olefines in liquid 
paraffins under pressure and to treat the solutions at suitable 
temperature and appropriate concentration of sulphuric acid. 

By passing olefines into an aqueous solution of zinc sulphate 
at 200® under pressure good yields of iso-propyl or sec. -butyl 
alcohols can be obtained. 

2. From the halogen compounds CuHgn^iX, and therefore 
indirectly from the paraffins and olefines (pp. 60 and 62). In 
the latter case secondary or tertiary alcohols, from C3 on, are 
obtained since the halogen of the haloid compounds becomes 
attached to that carbon atom to which the smaller number of 
hydrogen atoms are united. 

(a) By warming these, especially the iodides, with excess of 
water to 100®; in the case of tertiary iodides by simply allow- 
ing the mixture to stand: 

- CjEa-OH + HI. 


It is possible to estimate a tertiary iodide in the presence 
of a primary or secondary by estimating the amount of HI 
eliminated by warming with water (A., 1911, 879, 287). 

Alkalis can act by replacing halogen by OH or by 'eliminating 
HX and thus forming olefines, and in many cases both re- 
actions occur simultaneously. I^d alkalis favour the formation 
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of alcohols and strong conccntrat<id alkalis, particularly alco- 
holic potash, favour the formation of olefines. In some cases, 
however, the halogen can become replaced by OEt when con- 
centrated alcoholic potash is used thus yielding an ether as 
a by-product. 

When but little water is used, a state of equilibrium is 
reached as the reaction is reversible. These halogen com- 
pounds may also be termed the esters of the halogen hydracids, 
so that, strictly speaking, the mode of formation 2a is included 
in 1. 

(6) Frequently by digesting with moist silver oxide (which 
acts here like the unknown hydroxide, AgOH), or by boiling 
with lead oxide and water: 

C.Hfil 4 Ag OII Cgll-OH + Agl. 

(c) Upon warming with silver or potassium acetate, the 
acetate of the alcohol in question is formed, and this is then 
hydrolysed : 

CjH,! 4- CHs COOAg « CH3 C0<>C2H5 + Agl 
CHa COOCali^ + HOK “ CjHs-OH 4 CH 3 COOK. 

3. By the fermentation of the carbohydrates (e.g. grape- 
sugar), the alcohols with 2, 3, 4, 5, and, under certain conditions, 
even 6 atoms of carbon are produced. (Yeast fermentation.) 

4. On treating the primary amines (see these) with nitrous 
acid: 

Cyi. OH + N, + H,0. 

H0iN|:0 

5. From polyhydric alcohols by replacing several of the 
hydroxyl groups by halogen atoms, and then reducing the 
halogen derivative: 

CglECOH), + 2HC1 =» C3H5C4(0H) 4- 211*0. 

Glycerol Dichlor-hydrin 

C,H5(0H)C1, + 4H » C,!!; OH -h 2HC1. 

Isopropyl aicohol 

Secondary alkyl iodides are often obtained by the action 
of HI and P on polyhydric alcohols, and these on hydrolysis 
yield secondary alcohols, e.g,: 

C*H*(0H)3 CaHy CaH^ OH. 

Glycerol s-Propyl iodide g-Propyl alcohol 
CaH^I -> CaH.OH. 

EryThritol g»Butyl iodide g*nutyj alcohol 
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6. Higher alcohols are formed when a lower alcohol is heated 
with sodium (3 or 4 gm. per gm. mol. of alcohol) and a little 
copper bronze at 200-260"^ under pressure (C. I., 1937, 587). 
From M-butyl alcohol the chief product is 2-ethylhexanol, 
CH 3 *CH 2 ’CH 2 ’CHEt-CH 2 *CH 20 H, but esters, e.g. butyl butyrate 
and 2-ethylhexyl butyrate, are also formed. By using a 
mixture of propyl and benzyl alcohols the chief product is 
2<benzylpropyl alcohol, CIl 3 -CH(CH 2 *C 6 H 5 ) CH 2 *OH, 

7. Alcohols are formed when esters of higher fatty acids 
are catalytically hydrogenated under pressure in presence of 
a nickebchromium oxide catalyst. 

8. Alcohols are formed when esters are reduced with sodium 
and alcohol (ethyl or amyl) and the method is recommended for 
preparing the alcohols corresponding with the higher saturated 
and unsaturated fatty acids (BouveauU and Blanc, Bull. Soc., 
1904, (iii), 31, 669) (Chap. XLVII, A.). 

11, Special Methods of Formation . — 1. Primary alcohols are 
obtained from aldehydes by reduction with sodium amalgam 
and very dilute sulphuric acid (Wurtz); or with acetic acid 
and zinc dust, when the alkyl acetates are formed; 

CH, CH:0 2H - CHg CHa OH. 

This reaction is somewhat similar to the reduction of an 
olefine to a paraffin. In both cases a double bond is converted 
into a single bond, and an atom of hydrogen is added on to 
each atom between which the double bond originally existed. 

. Similarly from acid anhydrides (or esters, but not the free 
acids) and nascent hydrogen, or by the reduction of the acid 
chlorides, when an ester of the alcohol is formed by the action 
of the unreduced chloride on the alcohol. 

2. Secondary alcohols are formed by the action of nascent 
hydrogen (sodium amalgam) on the ketones, CnllgnO: 

CH. CO CH, 2H CH, CH(OH) CH,. 

Pinacones are obtained here as by-products. (See Ketones.) 

3. Secondary alcohols are also formed by the the action of 
aldehydes on dry ethereal solutions of magnesium alkyl 
halides (Chap. IV, H.), and treating the product which results 
with water or dilute acid: 

CH,'CH:0 + CH^Mg-I - CH, CH(OMgI) CH* 

CH, CH(OMgI) CH, + H OH - CH, CH(OH) CH, i I-Mg OH. 
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4. Tertiary alcohols are formed by the action of (a) ketones, 
(b) acid chlorides, or (c) esters of organic acids, on magnesium 
alkyl halides (Grignard reagents, Chap. IV, Ann. Chim., 1901, 
24, 433), and decomposing the products with water: 


(a) CH,. 

y;:0 + CjHvMg-Br 
CH/ 


CH. 


Qr/ \0 MgBr 




4 H OH 


CH,/ "^OMgBr. 

CH,v 

XX ^ BrMg OH. 
CH / \OH 


(b) CH 3 CO CI + 2 CH 3 Mg I (CH 3 ) 3 C O MgI + MgICl. 

(c) CH. CO OC.Hj -f 2CH, Mg Br 

= (CH,) 3 C OMgBr + Br Mg OC,H*. 


In ( 6 ) and (c) addition of CH 3 and MgBr{I) to the C:0 group 
occurs just as in (a), but at the same time a Cl atom in ( 6 ) and 
an OEt group in (c) become replaced by CHg. These methods 
are a great improvement on the older method of acting on acid 
chlorides with zinc alkyls (Butlerqff). 

6. Secondary or tertiary alcohols sometimes ensue by the 
direct combination of an olefine with water, e.g. tertiary butyl 
alcohol, (CH 3 ) 3 C* 0 H, from isobutylene. This oft^n gives a 
simple method for converting a primary into a secondary or 
tertiary alcohol. 

The Nomenclature of the alcohols, especially of the secondary 
and tertiary, is based upon a comparison of them with methyl 
alcohol, also called carbinol. They are looked upon as carbinol, 
CHg* OH, in which the three hydrogen atoms are wholly or 
partially replaced by alkyl radicals, thus: 

Tertiary butyl alcohol, (CH,),C OH trimethyl-carbinol; 

Secondary butyl alcohol, CH,*CH, CH(OH)*CH*, 

CH( 0 H)(CH 5 )(C,H 5 ), “ methyl -ethyl-carbinol. 

The systematic name (Geneva nomenclature) of the alcohols 
terminates in ol As examples: 

CH, CH, CH, CHg-OH Butanol. 

ntj 

> H CH(CH,) CH(0H) CH, 2 : 3-Dimethylpentan-4.ol. 

(Siemical Characteristics. — The alcohols are much more 
reactive than the paraffins and this reactivity is due to the 
presence of the OH group. The reactivity varies with the 
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structure of the molecule, but all have certain properties in 
common. 

1. In many reactions they resemble water; thus an atom of 
H is readily replaced by metals, e.g. readily by K or Na, less 
readily by Ca, Mg, or A I with formation of alcohol ates, EtONa, 

• 4 * 

Mg(OEt) 2 , <tc. They are not so reactive as water and the H 
concentration of pure methyl alcohol is lower than that of 
water. The Na and A1 compounds are of great value for 
synthetic purposes, 

2 C 2 II 50 I 1 + 2Na * 2 C,H 50 Na -f H,. 

These react with water, giving rise to a state of equilibrium 
as represented in the equation 

Et ONa -f H OH Et OH + Na-OH. 

Briihl (B., 1904, 2066, cf. Org. Synths., 1929, 38) has de- 
scribed a method for preparing the compound CHg-ONa free 
from water and alcohol. 

For general discussion on these metallic compounds, cf. 
Chem. Rev., 1934, 385. The primary alcohols react most readily 
and the tertiary least readily with a metal. 

Primary and secondary, but not tertiary, alcohols combine 
with baryta and lime to alcoholates at 130®. Crystalline com- 
pounds are formed with calcium chloride, so that this salt 
cannot be used for drying the alcohols; these compounds are 
decomposed by water. 

2. They enter into the composition of many compounds, as 
** alcohol of crystallization ’b (See pp. 83 and 88.) 

3. As very feebly basic substances they react with acids 
both mineral and organic in somewhat the same manner as 
metallic hydroxides do, yielding alkyl salts or esters and water 
(cf. Esterification): 

KOH + CHg COOH - CHj COOK H,0. 

Acetic acid 

CjHgOH + CHj COOIf ^ CH, C00C2H, + H,e. 

The methyl and ethyl esters derived from certain substituted 
benzoic acids, e.g. 3 : b-di-nitrobenzoic acid (Chap. XXVI, Al), 
are solids with definite melting-points, and are sometimes used 
in identifying small amounts of these alcohols. 

4 . Dehydrating agents convert them into olefines. 
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5. With halogen hjdracids or phosphorus halides, they 
yield monohalide derivatives of the hydrocarbons (p. 63); the 
tertiary alcohols react extremely readily and the primar}^ 
least readily with HCl or IIBr (Lucas, J. A. C. S., 1930, 802). 

6. For the behaviour of primary, secondary, and tertiary 

alcohols upon oxidation, see p. 75 s€4]. 

Methyl alcohol is oxidized to carbon dioxide as the primary 
product (formic acid) is itself readily oxidized. 

7. The primary, secondary, and tertiary alcohols can also be 
distinguished from one another by the behaviour of tlie nitro- 
compounds, which are formed by the action of silver nitrite 
on the iodides (cf. p. 107). 

8. Halogens do not substitute but oxidize. 

9. Many alcohols when heated with excess of soda lime 
yield the sodium salts of the corresponding acids. 

Methyl alcohol. Methanol, Wood Spirit, CHgOII, was dis- 
covered in w’ood-tar by Boyh in 1661, and its difference from 
ordinary alcohol recognized in 1812 by Phillips Taylor, Its 
composition was established in 1834 by Dumas and Peligot. 
It occurs as methyl salicylate in Gaultheria proenmbens (oil of 
winter green, Canada), as butyric ester in the unripe seeds of 
Heracleum giganteum, and as ester of benzoylecgonine in 
cocaine. 

Formation, — 1. By chlorinating methane, CH4, and hydro- 
lysing the resulting methyl chloride (Berthcht), 

2. By passing CO + H2 over a suitable catalyst, a by- 
product is a mixture containing higher alcohols (Chap. XLIX, B.). 

3. By the destructive distillation of wood (beech, birch, 

or oak wood) at about 350®. By this distillation there are 
obtained (a) Gases (CH4, CgHe, CgH^, Cglle, CO, 

COg, Hg). (b) An aqueous distillate of “ pyroligneous acid ”, 
containing methyl alcohol (1-2 per cent), acetic acid (10 per 
cent), acetone (0-l-0*5 per cent), methyl acetate, allyl alcohol, 
&c. (c) Wood-tar, containing paraflhns, naphthalene, phenol, 
guaiacols, &c. (d) Wood charcoal. 

4. Also by the dry distillation of vinasse. 

It is prepared commercially from crude pyroligneous acid 
by repeated distillation after neutralization with lime, and is 
purified by formation of the CaCla compound, which is a solid, 
and stable at 100® ; or, better, by transformation into the oxalic 
or benzoic ester, both of which are easy to purify and hydrolyse. 
At tile present time it is largely manufactured by process 2. 
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Propartie8,~lt is a colourless liquid, boils at 64 - 5 °, and has a 
specific gravity about 0*8. The alcohol of commerce usually 
contains acetone. It burns with a non-lurninous flame, dis- 
solves, fats, oils, &c., and acts as an intoxicant like ethyl 
alcohol. It also enters into the composition of compounds as 
‘‘alcohol of crystallization e.g. BaO + 2CH4O; MgOlg + 
6CH4O; CaCl.^ f 4CH4O (six-sided plates). It is readily 
oxidized to formic aldehyde and formic acid, being also con- 
verted into the latter when heated with soda-lime. Potassium 
methoxide, CH3OK, is a white crystalline powder, and forms 
a definite crystalline compound CH^OK -I- CH3OH. 

The anhydrous -alcohol dissolves a small amount of dehy- 
drated cupric siil])hate to a blue-green solution. Distilled 
over heated zinc dust, it decomposes almost quantitatively 
into CO d 2H2. 

Us'es, — For tar colours — (also as CH3I and CH3CI); as 
methyl ether in the manufacture of ice; for polishes and 
varnishes; as Wiggershehris preservative liquid; for methy- 
lating or “ denaturing ” spirits of wine, and as a })etrol 
substitute. 

Ethyl alcohol, Elthanol, Spirits of Wine, CgHgOH. Liquids 
containing spirits of wine have been known from very early 
times, and their concentration either by distillation or by 
dehydration with carbonate of potash is also an old art. We 
read of it as “ alcohol ’’ in the sixteenth century. Lavoisier 
arrived at the qualitative, and de Saussure in 1808 the quanti- 
tative composition of alcohol. (Cf. E. F. Armstrong, Alcohol 
through the ages, C. I., 1933, 251, 279.) 

In the vegetable kingdom alcohol is only found occasionally, 
as ethyl butyrate, but in the animal kingdom it occurs in 
various forms, e.g, in diabetic urine. It is also present in 
small quantity in coal-tar, bone oil, wood spirit, and bread, 
fresh English bread containing 0*3 per cent. 

Formation. — 1. From by conversion into CgH^Cl 

and hydrolysis of the latter; cf. methods of formation 1 and 2, 

2. Ethylene and concentrated H2SO4 react at 160*^, yielding 
ethyl hydrogen sulphate {Faraday, Hennell, 1826, Berthelot, 
1855). 

CjH* + H,S 04 - CJI^HSO*; 

and this when boiled with water gives ethyl alcohol (cf. p. 76). 
This is a method of commercial importance, particularly in 
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U.S.A., where the ethylene in natural and cracked gases is 
utilized. 

Ethylene and water can be made to unite, yielding ethyl 
alcohol by passing them in the vapour phase over thoria or 
phosphoric acid at 500"^ and 25~2(X) atm. pressure or over 
calcium phosphate at 100-300° and 70 atmospheres. Tlu‘ 
percentage conversion is small. 

3. By absorption of acetylene in 95 per cent sulphuric acid 
in the presence of cuprous sulphate or petroleum to facilitate 
absorption; dilution to 64 per cent sulphuric acid and subse- 
quent fractional distillation. 

4. By the reduction of acetaldeliyde, e.g. the commercial 
method of passing aldehyde vapour (from acetylene) and 
hydrogen over finely divided Ni at 140°. 

CHfi CHIO f 2H - CH^ Cila OH 

6. Preparation by the Alcoholic Fervientation of Sugar . — 
Directly from grape and fruit sugars, CeHigOg, and indirectly 
from cane sugar, 0 i 2 H 220 ii, after previous hydrolysis to two 
molecules of CgHigO^; also indirectly from malt-sugar, from 
starch, <fec. 

Fermentations are peculiarly slow decomposition-processes of 
organic substances which are accompanied, as a rule, with liber- 
ation of gas and evolution of heat, and which are induced by 
micro-organisms or by complex organic nitrogenous substances 
(enzymes) of animal or vegetable origin. The alcoholic fer- 
mentation of sugar, i.e. the fermentation which produces spirit, 
is caused by the varieties of the genus SaccharomyceSy the yeast 
ferment, which forms small oval microscopic cells, multiplying 
by gemmation. As plants, these require for their sustenance 
inorganic salts, e.g. phosphates, potassium salts, and nitrogen 
in the form of ammonium salts, but, as non-assimilating fungi, 
no carbon dioxide. 

The usual species is S. cerevisiae, and several varieties of 
this are used industrially. It is necessary to keep as pure a 
culture as possible as other species (wild yeasts) which may be 
present increase more rapidly than cerevisice. These produce 
deterioration of the product and affect the yield of alcohol. 

All potable alcoholic liquors are made by this method and 
also very large quantities of power or industrial alcohol used 
for admixture in motor fuel, particularly in Germany and 
U.8.A. — ^in the latter country 23 million gallons in 1936. 
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In the vinous fermentation 94 to 95 per cent of the grape 
sugar breaks up into aJeohoI and carbon dioxide, 

C’.Hj.Oe “ 2C,U,0 f 2COa, 

with 2*5 to 3*6 per cent glycerol, €3115(011)3, and 0*4 to 0-7 
per cent succinic acid, 0411^04, as invariable by'f>roduct8. In 
addition to these, most of the higher homologues of ethyl 
alcohol are also formed — the so-called oil. 

The chief constituent of fusel oil is fermentation amyl 
alcohol (isobiityl carbinol), C5H11OH, but it has also been 
proved to contain the two propyl alcohols (chiefly isopropyl), 
normal, iso-, and tertiary butyl alcohols, normal and active 
amyl alcohols, together with lugher homologues and esters. 
They can be separated by means of their hydrobromic esters. 

Conditions of Fermentation . — Fermentation can only go on 
between the limits of 3° and 35°, the most favoura1)le tempera- 
ture being between 25° and 30°. The solution must not be 
too concentrated, as the organism cannot live in a solution of 
alcohol of great(tr concentration than 14 per cent; the presence 
of air is not strictly necessary, but it has a favouring influence. 
Yeast loses its activity upon the addition of any reagents 
which destroy the cells, also when it is thoroughly dried, 
when heatc'd to 60°, when treated with alcohol, acids, and 
alkalis; the addition of small quantities of salicylic acid, 
phenol, corrosive sublimate, also prevents fermentation. 

For a number of years it was thought that the presence of 
the living yeast plant, or of some other similar organism, was 
essential for the production of alcoholic fermentation. The 
work of E, Buchner (B., 1897, 2086, 2372; 1898, 971, 2764) 
has shown that the fermentation is brought about by an 
enzyme called zymase, which is contained in the cell. If the 
yeast cells are crushed with ‘‘ Kieselguhr ” (a siliceous earth) 
and water, so that the cell walls are broken, and the mass then 
filt-ered through a Chamberland filter under considerable pre^s- 
sure, an extract is obtained which, although practically free 
from yeast cells, can yet induce alcoholic fermentation. The 
zymase is relatively unstable and easily decomposed, e.g. 
when the solution is heated or even kept for some time, but it 
may be |)reserved by the addition of certain antiseptic sub- 
stances, such as chloroform, thymol, &c., w^hich readily kill 
the yeast plant itself. (Compare Chap. LXIX, A.) 

Buchner’s researches indicate that fermentations induced by 
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organized ferments are probably due to certain unorganized 
ferments (enzymes) contained in the cells of the organism. 

The folkwing materials are used for the preparation of 
alcohol or of liquids containing alcohol; 

(a) Grape-sugar, fruit-sugar, i.e. grapes and other ripe fruits, 
for wine, Szc. (6) Cane or beet sugar and molasses for brandy. 
Solutions of cane-sugar are fermented by yeast, since ordinary 
yeast always contains small amounts of an enzyme (invertase)y 
which can hydrolyse cane-sugar to glucose and fructose, 
and these are then directly fermented by the yeast organism. 
(c) The starch of cereals for beer and corn brandy, and of 
potatoes for potato brandy. The starch is first converted into 
malt-sugar and dextrine under the iiiiluence of diastase, or 
into grape-sugar, by boiling with dilute acids, and these sugars 
are then fermented, (d) Wood or straw, i.e. cellulose (Chap. 
XIV, G.), by acid hydrolysis in the presence of a catalyst and 
subsequent fermentation of the glucose so formed, (e) The 
waste liquors of the sulphite process for producing pulp from 
wood; the product contains methyl alcohol; 15 million litres 
were produced by this method in Sweden in 1930. 

The transformation of starch into malt-sugar (maltose) and 
dextrine is a typical example of fermentation by an enzyme^ 
the special enzyme in this case being diastase (malt amylase), 
a complex organic nitrogen derivative produced during the 
germination of the barley in the process of malting. The trans- 
formation of the starch into maltose, &c., is in reality a pro- 
cess of hydrolysis induced by the ferment. The maltose 
CigllggOii in its turn is hydrolysed by a second ferment {mal- 
tase) to grape-sugar, CglljgOg, which is then transformed into 
alcohol and carbon dioxide. 

A wine of medium strength contains 8^ to 10 i>er cent 
alcohol, port wine 15 per cent, sherry up to 21 per cent, cham- 
pagne 8 to 9 per cent, and beer an average of 3 to 5 for lager 
or mild and 5 to 9 for old ale. 

The different varieties of brandy or spirits obtained by 
‘‘ burning i.e. by distilling fermented liquids, contain 30 to 
40 per cent of alcohol, and cognac even over 50 per cent. 

Purification of alcohol, — It is impossible to separate alcohol 
completely from water by distillation, as a mixture containing 
95*6 per cent by weight of alcohol has a boiling-point 78-15^ 
which is below that of pure alcohol. When aqueous alcohol is 
fractionally distilled this azeotropic mixture passes over first 
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and the residue consists of the excess water. This product, 
rectified spirits of wine, is the one obtained by using dephleg- 
mators or fractionating columns. 

On the laboratory scale aqueous alcohol can be deprived of 
the greater part of its water by the addition of strongly heated 
carbonate of potash or anhydrous copper sulphate, or by dis- 
tillation over quicklime, and the last portions can be removed 
by several additions of small amounts of metallic calcium 
and repeated distillation. Alcohol containing water becomes 
turbid on being mixed with benzene, carbon bisulphide, or liquid 
paraffin oil, and it gives a white precipitate of BafOHlg on the 
addition of a solution of BaO in absolute alcohol, and is capable 
of restoring the blue colour to anliydrous copper sulpliat-e. 
Alcohol free from water is termed absolute alcohol. Ordinary 
absolute alcohol usually contains at least 0*2 per cent of water. 

Absolute alcohol is now usually manufactured by adding a 
third liquid to the 95*G per cent alcohol. The common ones 
used arc benzene and tri-chlorethylene, but toluene, hexane, 
carbon tetrachloride or methylene dichloride can be employed 
(C. I., 1942, 120). Each of these compounds forms a low-boiling 
ternary azeotrope with water and alcohol. When the mixture is 
distilled the ternary azeotrope pa.sses over first, thus removing 
all the water, a binary azeotrope of benzene and alcohol follow\s 
and finally practically pure absolute alcohol. 

Contraction takes place on mixing alcohol and water 
together, 53*9 volumes alcohol -f- 49*8 volumes water giving 
not 103*7, but 100 volum(^s of the mixture. The percentage 
of alcohol in any spirit is determined either from its sptHuiic 
gravity by reference to a specially-calculated table, or by 
areometers of particular construction, or by its vapour tension 
as estimated by GeissUys vaporimeter. 

Pro-perfies , — It is a colourlesvs mobile liquid with character- 
istic spirituous odour; boils at 78*5°, or at 13° under 21 ram. 
mercury pressure. Solidifies at —117*3°, and has sp. gr, 0*79 
at 15°. It burns with an almost non-lnminous flame, is 
exceedingly hygroscopic, and miscible with water and with 
ether in all proportions. Forms several cryo-hydrat^s with 
water (4*12 Aq., 4-3 Aq., 4~^ Aq.). Is an excellent solvtmt 
for many organic substances such as resins and oils, and also 
dissolves sulphur, phosphorus, &.c., to some extent. It is 
extensively used in industry. As a solvent it is used in the 
perfumery industry, and also for dissolving resins and oils. It 
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is also used either alone or mixed with benzene or petrol as a 
fuel ill internal- combustion engines, and it is the raw material 
from which such chemicals as ether, aldehyde, chloroform, 
iodoform, ethyl chloride and other ethyl esters, vinegar and 
butyl alcohol are manufactured. It. coagulates albumen, 
being therefore used for preserving anatomical preparations. 

It is very readily oxidized by the oxygen of the air, either 
in presence of finely-divided platinum or in dilute solutions 
in presence of certain ferments, first to aldehyde and then to 
acetic acid; thus, beer and wine become sour, but not the 
pure alcohol itself. KgCrgO^ or MnOg h H2SO4 oxidize it 
in the first instance to aldehyde; fuming nitric acid attacks 
it with explosive violence, yielding numerous products; but, 
by the action of colourless concentrated HNO3, ethyl nitrate 
can be obtained under suitable conditions; in dilute solution 
glycollic acid is formed. Alkalis also induce a gradual oxi- 
dation in the air; thus, alcoholic potash or soda solutions 
quickly become brown with formation of aldehyde resin, this 
latter resulting from the action of the alkali upon the alde- 
hyde first produced. Alcoholic potash therefore frequently 
acts as a reducing agent, e.g. upon aromatic nitro-compounds. 
(See these.) Chlorine and bromine first oxidize alcohol to 
aldehyde and then act as substituents. (See Chloral.) 
Chlorinated alcohols can therefore only be prepared indirectly 
(cf. Ethylene chlorhydrin.) When the vapour of alcohol ii 
led through a red-hot tube, H, CH4, C2H4, C^Ha, CgHe, 

CO, C2H4O, C2H4O2, &c., are formed. 

Of the compounds containing alcohol of crystallization may 
be mentioned, KOII + 2C2HeO, LiCl 4- 4C2lIeO, CaCi'a 
H- ^CgHfiO, and MgClj -f 

Sodium ethoxide, CgHgONa, is of special importance among 
the alcoholatcs. It is formed by the action of sodium upon 
absolute alcohol. The crystals of C2H5-ONa -f 2C2H6O, at 
first obtained, lose their alcohol of crystallization at 200^^ and 
change into a white powder of CgH^ONa. (See also BruhL) 
Sodium ethoxide is of especial value for syntheses, and can 
frequently be employed in alcoholic solution. 

The magnesium and aluminium ethoxides Mg(OEt)2 and 
Al(OEt)3 are of value as synthetical reagents; the latter is used 
for reducing aldehydes and ketones to primary and secondary 
alcohols in the presence of alcohol: 

R CH:0 + CH, CH, OH R CHj OH + 
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Unlike most of the other ethoxides the aluminium compound 
is soluble in benzene and is volatile under reduced pressure. 
It is regarded as the ester of aluminic acid Al(OH) 3 , (J. C. 8., 
1930, 1461). 

Small doses of alcohol act as a stimulant, and larger doses as 
an intoxicant. Absolute alcohol is poisonous, and quickly causes 
death when injected into the veins. The presence of consider- 
able amounts of fusel oil has detrimental physiological effects. 

Detection of Alcohol. — 1 . By the iodoform reaction* (see Iodo- 
form), when 1 part in 2000 of water can be recognized. 

2. By the formation of esters with acid chlorides. With 
benzoyl chloride it gives ethyl benzoate with its charac- 
teristic odour; with p-nitro benzoyl chloride, the ethyl ester 
m.-pt. 57°; and with 3 : 5-dinitrobcnzoyl chloride an ethyl ester 
m.-pt. 93°. 

Propyl alcohols, Cgll^OH. 

1. Normal propyl alcohol, l-Projyanol, CITg-CHg CHg-OH 
{Chancel y 1853), is obtained from fusel oil by means of its 
hydrobromic ester {Fittig)^ or by reduction of the correspond- 
ing aldehyde. It has a spirituous odour and is miscible with 
water in all proportions. Its constitution is based on its relation- 
ship to propaldehyde and propionic acid. 

The isomer Secondary or u‘o-propyl alcohol is a compound 
of commercial value, and is used as a solvent and as perfume. 
It is manufactured by the reduction of acetone with sodium 
amalgam and dilute acid or as a by-product in the hydro- 
genation of CO at 31X)° under pressure (cf. Hydrogenation, 
Chap. XLIX, A.), and also from natural propylene and 
sulphuric acid, 

n-Butyl alcohol, 1 -butanol, CH 3 {CH 2 ) 2 *CH 2 0H, is the most 
important of the butyl alcohols. This alcohol (25 per cent), 
acetone (11 j>er cent), and hydrogen are made on the large scale 
by the fermentation of maize mash with a special bacterium, and 
the alcohol (cf. Chap. LXIX, B.) is also manufactured in a 
one-stage catalytic conversion of ethyl alcohol at 400-500° 
with a BaO catalyst. The other main product is ethyl acetate, 
but acetal, acetone, acetaldehyde and higher alcohols are also 
formed, JBy using ethyl alcohol at 375° with a catalyst of 
Cu “b MgO and pressures of 4000 lb. the product is a mixture 
of the w-alcohol and ethyl acetate. 

• Acetaldehyde, acetone, and isopropyl alcohol also give this reaction, 
but not methyl alcohol. 
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It is also formed by the reduction of crotonaldehyde (Chap. 
V, A.). 

n-Butyl alcohol and its esters are of great value as solvents 
in the plastics industry. The secondary alcohol is made from 
the butylene of cracked gases by absorption in sulphuric acid 
and hydrolysis. 

Isobutyl-carbinol, (0113)2 : CH CHaCHg-OH, is the chief 
constituent of the “ fermentation amyl alcohol obtained by 
fractional distillation of fusel oil, the other constituent being 
secondary butyl carbinol, C2ll5*Cri(CK3)-CH2*On. 

This latter, on account of its action on polarized light, is 
generally known as active (i.e. optically active) amyl alcohol 
It is laevo-rotary, i.e. rotates the plane of polarization to the 
left (cf. active valeric acid, Chap. VI, A.), and has [ajj, = 5 * 9 '' 
at 20^ 

A synthetic amyl alcohol is manufactured from n-pcntane 
from light petroleum and natural gas. The first stage is the 
chlorination in the vapour phase with insuflicient chlorine. 
The crude propyl chloride is digested with an aqueous solution 
of sodium oleate under pressure and the amyl alcohol so 
formed distilled over. 

The mixture j)robably contains all the amyl alcohols with 
the exception of the low-boiling tertiary alcohol. 

Normal hexadecyl alcohol, or cetyl alcohol, forms as pal- 
mitic ester the chief constituent of spermaceti. Ceryl alcohol, 
Cerotin, C26H53OH, is present as cerotic ester in Chinese wax. 
Melissyl, or miricyl alcohol, CgoHeiOTI, is present as palmitic 
ester in bees’-wax and in Carnauba wax (from leaves of Bra- 
zilian palm), and is most conveniently prepared from the 
latter. The alcohols are obtained from all these esters (wax 
varieties) by hydrolysis with boiling alcoholic potash, and in 
all probability are mixtures and not pure compounds. 

B. Monohydric Unsaturated Alcohols, CnHan-iOH 

These are very similar to the saturated alcohols both in 
physical properties and in general chemical behaviour, but are 
sharply distinguished from the latter by the formation of addi- 
tive compounds with hydrogen, halogens, halogen hydracids, 
&c., e.g.: 

CH,:CH CH, OH Br, « CH,Br CHBr CH, 0H. 
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They thus resemble the olefines owing to the presence of a 
double bond, and the products are saturated alcohols or their 
halide derivatives, the latter of which cannot be j)repared 
directly by substitution of the alcohols. These unsaturated 
alcohols are to be considered as olefines in which an atom of 
hydrogen is replaced by hydroxyl. 

Alcohols containing the hydroxy-methylene group, 
:CH(OH), linked to a carbon atom by a double bond, e.g. 
CH^: CH-OH, are not known, although derivatives, e.g. vinyl 
bromide, are stable. Reactions w^hich might give rise to the 
unsatiirated alcohol vinyl alcohol (ethenol) yield the more stable 
isonier, CHg-CHO (acetaldehyde); in fact, the grouping 
:C:CH*OH is usually unstable, passing as it does into the 
more stable one, :CH-CH:0, a transformation which is most 
readily explained upon the a.ssumption that water is taken 
up and again split ofi. Similarly, instead of CU 2 :C(OH)*CH 3 , 
the more stable grouping CHg’CO'CII^ is formed. 

Allyl alcohol (l-Projoenc-3-oll), CHgrCH-CHgOH (Cahoitrs 
and Hofmann, 1856), is present to the extent of 0-1 to 0*2 per 
cent in wood spirit, and is formed (1) from allyl iodide; (2) by 
reduction of its aldehyde, acrolein (see this); (3) by heating 
glycerol, C 3 H 3 (OH) 3 , with oxalic or formic acid and a little 
ammonium chloride to 220^^. (Cf. Formic Acid, p. 173.) 

The first product is glyceryl monoxalate (1), which loses 
COg, forming glyceryl monoformate or inonoformin (2). 

CIl^OH CHa-OH CiI,OH 

CH Oii -->(3ii-oh (1) j (2)~>0 h 

CHsOH CH*OCOCOgH CH.kiTMiHj CH„ 

and this when heated to the required temperature, 220°, 
decomposes into CO 2 , HgO, and allyl alcohol. Allyl alcohol 
is a mobile liquid with the lachrymatory character of all allyl 
compounds. It has b.-pt. 97° the same as that of n-propyl 
alcohol and like this is miscible with water. It does not com- 
bine directly with hydrogen, but chlorine, bromine, cyanogen, 
hypochlorous acid, &c. If cautiously oxidized, it yields glycerol, 
but stronger oxidation converts it into its aldehyde, acrolein, 
and acid, acrylic acid, containing the same number of carbon 
atoms, and it is therefore a primary alcohol; hence the above 
oomtilutional formula. 
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C. Monohydric Unsaturated Alcohols, CnHan-sOH 

These alcohols are derivatives of acetylene and its homo- 
logiies. The compounds pos.sess: (1) The characteristic j)ro- 
perties of alcohols. (2) The properties of unsaturated coin- 
poiinds. Each inolcMnile of such an alcohol can combine with 
1 or 2 molecules of a halogen or halogen hydracid. (3) Most 
of them possess the further peculiarity of forming ex])kKsive 
compounds with ammoniacal copper and silver solutions, 
e.g. C 3 H 2 AgOII, the former being coloured yellow and the 
latter white; acids decompose these compounds into the un- 
saturated alcohol. Those of them which do not yield such 
metallic compounds contain, not a triple bond, but two double 
ones between the carbon atoms. The most important of these 
alcohols is: 

Propargyl alcohol, or propinyl alcohol (l*Propin-3>o?), 

CalfaOH, - OHiC CHjOH, 

a mobile liquid of agreeable odour, lighter than water, and 
boiling at 114°, i.e. sornewdat higher than normal propyl 
alcohol. 

For further examples of unsaturated alcohols, see Open- 
chain Terpenes (Chap. LVH, A.). 


IV. DERIVATIVES OF THE ALCOHOLS 

Thcvse may be classed in the following divisions: 

A. Ethers of the alcohols, or alkyl oxides, e.g. C2H5-0-C2H5, 
ethyl ether. 

B. Thio-alcohols and ethers, or alkyl hydrosulphides and 
sulphides, e.g. CgH^-SH and (C 2 H 5 ) 2 S. 

C. Esters of alcohols with inorganic acids. 

D. Nitrogen bases of the alkyl radicals. 

IV, flydroxylamines; Hydrazines, 

F Diazo and Triazo compounds. 

Q. Alkyl derivatives of phosphorus, arsenic, <fec. 

H. Organo-metallic compounds; Grignard compounds. 
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A. Ethers Proper (Alkyl- or Alphyl- Oxides) 


The ethers of the monohydric alcohols are compounds of 
neutral charact/er derived from the alcohols by elimination of 
the elements of water (1 molecule water from 2 molecules 
alcohol). They can frequently be prepared by treating the 
alcohols with sulphuric acid, and are distinguished from the 
latter by not reacting with acids to form esters, and by being 
substituted and not oxidized by the halogens, kc. Only the 
lowest member of the series is gas(‘ous, most of them are 
liquid, and the highest are solid. The more volatile ethers 
are characterized by a peculiar odour which is not shown by 
the higher members. 

Comtitufion, — Tlie hydrogen atoms cannot be replaced by 
sodium or other metallic radicals (see p. 10), and are all pre- 
sumaldy attached to carbon. 

Their structure as alkyl oxides, or anhydrides of mono- 
hydric alcohols (cf. metallic oxides), follows largely from 
modes of formation 2 and 3, from the non-reactive character 
of the hydrogen atoms, and from reactions 4 and 5, p. 95. 


KiOII C^HsiOH 

1 .=--K,0 + H,0; i 

KOiH 




>0 *f HjO. 


The alkyl groups contained in them may either be the 
same, as in ordinary ether and in methyl ether, (0113)20, in 
which case they are termed “ simple ethers or they may be 
different, as in methyl-ethyl ether, CH3*0-02H5, when they 
are known as “ mixed ethers 

Ethers derived from tertiary alcohols are not known. 

Modes of Formation. — 1 . By heating the alcohols, 0^11211+1*011, 
with sulphuric acid. The reaction proceeds in two phases, 
e.g.: 

(a) CaH^'OH ^ OH SOa-OH - OH SOi OC^Hj + R Oli. 

(b) OU BO. OOtll, + C^Hs-OH » OH SOa-OH + CaH^ 0 CaH,. . 

In phase a an alkyl hydrogen sulphate is formed, which, 
when further heated with alcohol, as in 6, yields ether and 
regenerates sulphuric acid. The latter is therefore free to 
work anew, and in this way to convert a very large quantity 
of alcohol into ether. 
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This process is theoretically a continuous one, but practi- 
cally it has its limits, through secondary reactions, such as the 
formation of SOg, &c. A modification of the method consists 
in heating the alcohol with benzene-sulphonic acid 
SOg'OH or s}Tupy phosphoric acid in place of sulphuric acid. 
No sulphur dioxide is formed, and the reaction becomes in 
reality continuous. The method is only suitable for primary 
alcohols; secondary and tertiary under similar conditions 
yield olefines. Hydrochloric, hydrobromic, and hydriodic, 
among other acids, act similarly to sulphuric acid; thus ether 
is obtained when alcohol is heated with dilute hydrochloric 
acid in a sealed tube to 180^, ethyl chloride, C2H5CI, being 
formed as an intermediate product. When alcohol is heated 
vnth hydrochloric acid, a state of equilibrium is established 
between the alcohol, ether, ethyl chloride, hydrochloric acid, 
and water, after which the same quantity of each of these 
products is destroyed as is formed in unit of time. 

An interesting continuous process is passing absolute alc.ohol 
vapour over dehydrated alum at 200® (cf. also Chap. XLIX, 1).). 

2. Certain complex ethers can be obtained by the direct 
union of an alcohol, e.g. EtOH with a tetra-alkylated olefin© 
using sulphuric acid as catalyst: 

R'R"C : CR'R" -h KtOlI R'K^CH CHTrO Et. 

3. By the action of alkyl halides on sodium-alkyloxides 
( Williamson) : 

C 2 H 5 I + C^H^ ONa « CA-O C 3 H 5 + Nal. 

4. From alkyl halides and dry silver oxide, or mercuric oxide : 

2C*HJ + Ag,0 O f 2AgI. 

Modes of formation 1 and 3 yield mixed as well as simple 
ethers, e.g.: 

Calls SO 4 H + CHa-OH -» CaHs-O CHa + H^SOa. 

CaHal + CHa-ONa - CrHu O CH, t- Nal. 

Properties, — 1. The ethers are very stable, e.g. ammonia, 
alkalis, dilute acids, and metallic sodium have no action upon 
them, nor has phosphorus pentachloride in the cold. 

2. When superheated with water in presence of some acid, 
vsuch as sulphuric, the ethers take up water and are retrans- 
formed into alcohols, the secondary more readily than the 
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primary; this change also proceeds, but extremely slowly, 
at the ordinary temperature. 

3. When warmed with concentrated sulphuric acid, alcohol 
and ethyl hydrogen sulphate are formed: 

«“ 4 HSO 4 . 

4. When saturated with hydriodic acid gas at 0°, the ethers 
yield alcohol and alkyl iodide: 

lU - OH 4- CJTJ. 

Wlien the ethers are ‘‘ mixed the iodine attaches itself to 
the smaller alkyl group; further interaction yields, of course, 
two molecules of alkyl iodide. 

5. When heated with phosphorus halides the oxygen atom 
is re|)laced by two halogen atoms, and two molecules of an 
alkyl halide are formed. 

6 . J^ike the alcoliols, the ethers are oxidized by nitric and 
chromic acids, but halogens sub.stitute in them and do not 
oxidize; in this latter rcwspect they resemble the hydrocarbons. 

7. Many ethers form definite compounds with acids, espe- 
cially complex acids like H 4 FeCgNg (B., 1901, 2688); also with 
bromine, with metellic salts, &c. (J. C. S., 1904, 1106; Proc. 
1904, 165). 

Ethyl ether, Ethane-oxy-ethane, “ Ether (€ 2115 ) 20 , was dis- 
co¥ered by Valerius Cordus about 1544, and possibly before 
that time by Raymond Lully. It was also called sulphuric 
ether and vitriol ether ”, on account of its being supposed 
to contain sulphur. Its composition was established by Saus- 
sure in 1807, and Gay-Lussac in 1815, 

Preparation . — By the continuous process from ethyl alcohol 
and sulphuric acid at 140®, with gradual addition of the 
alcohol, according to Boullay, It is freed from alcohol by 
shaking with water, and dried by distillation over lime or 
calcium chloride, and finally over metallic sodium. 

Theories of the Formation of Ether . — At first the action of the 
sulphuric acid was considered to consist in an abstraction of 
water. Later on, it was thought that the acid gave rise to 
a contact action {Mitscherlich, Berzelius), but Lielng showed 
that this view was incorrect, since ethyl hydrogen sulphate is 
formed. Liebig assumed that the ethyl hydrogen sulphate 
decomposed, when heated, into ether and SO 3 ; but Graham, on 
the other hand, proved that the acid gives no ether when 
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heated alone to 140°, but only when heated with more alcohol. 

After this, WilUamsoti propounded the theory of etheri* 
fication at present held, a theory based on the opinion of 
Laurent and Gerhardt that ether contains two ethyl radicals. 
Its correctness was proved by mode of formation 2, and also 
by the preparation of mixed ethers. 

Properties . — It is a mobile liquid with powerful ethereal 
odour, and is very volatile, even at the ordinary temperature. 
It melts at —113°, boils at +34*9°, has specific gravity =0*72 
at 17*4°, and at 120° has a vapour pressure of 10 atmospheres. 
It produces considerable lowering of temperature when evapo- 
rated. It is easily inflammable, and therefore dangerous as a 
cause of fire, from the dissemination of its very heavy vapour ; 
a mixture of it with oxygen or air is explosive. It is some- 
what soluble in water (1 part in 10), and, conversely, 3 volumes 
of water dissolve in 100 volumes of ethe.r; the presence of 
water can be detected by the milkiness which ensues upon the 
addition of carbon disulphide. Ether is an excellent solvent 
or extractive for many organic substances, and also for I^, 
Brg, CrOg, FeCl3, AuClg, PtCl^, and other chlorides. It forma 
crystalline compounds with various substances, e.g. the 
chlorides and bromides of Sn, Al, P, Sb, and Ti, being present 
in them as “ ether of crystallization 

When dropped upon platinum black it takes fire, and when 
poured into chlorine gas an explosion results, hydrochloric acid 
being set free. In the dark, however, and in the cold, sub- 
stitution by chlorine is possible; the final product of the 
substitution, perchloro-ether, C4CI10O, is solid and has an 
odour of camphor. 

Ether was first employed as an ana?sthetic by Simpson in 
1848, but this property had been previously observed by 
Faraday. It is further used as an extractive in the colour 
industry, as Hofmann's drops when mixed with 1 to 3 volumes 
of alcohol, for ice machines, and for the preparation of collo- 
dion, &c. 

Methyl ether, (€113)20 {Dumas, Peligot), closely resembles 
common ether, is gaseous at the ordinary temperature, but 
liquid under — 20°, and is prepared on the large scale for the 
production of artificial cold. 

Ethyl-cetyl- and dicetyl ethers are solid at the ordinary 
temperatures. 

Several ethers with unsaturated alcohol radicals are also 
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known, e.g. allyl ether, (C^HrJgO, and vinyl-ethyl ether, 
02113*0-02115. B.-pt. 35*5‘". These can combine directly with 
bromine. 

Isomers. " The general formula of the saturated ethers is 
Isomeric with each ether is a saturated alcohol, 
thus C2H3O == methyl ether or ethyl alcohol, O4H10O ~ di- 
ethyl ether or butyl alcohol. From O4H10O on, however, 
several different isomeric ethers are not only possible, but are 
also known, e.g. di-ethyl ether, (02115)20, is isomeric with 
methyl -propyl ether, 0113*0*03117; similarly methyl-amyl 
ether, 0H3-b-05Tl,^, ethyl-butyl ether, C2H5'0*04H2, and 
dipropyl-otlicr, 03l{7*0-C3ll7, are all isomeric. All these 
isomers belong to the same class (ethers) and differ only in 
the alkyl groups present. Such compounds are said to be 
metameric. 

The determination of the constihition of the ethers is based 
upon (a) tlieir syntheses according to modes of formation 1 or 
3, and (6) their decomposition by HI according to reaction 4. 

Varieties of Isomerism , — The cases of isomerism which have 
been mentioned up to now are of three kinds. The first was 
the isomerism of the higher paraffins, which, since it is based 
upon the dissimilarity of the carbon chains, is often termed 
chain-isomerism. The isomerism between ethylene and ethyl- 
idene chlorides or between primary and seccjndary propyl 
alcohols depends upon the differences in position of the substi- 
tuting halogen or hydroxyl in the same carbon chain, and is 
termed position isomerism. In addition to these there is the 
third kind, metamerism. Further cases will be spoken of 
under the Benzene derivatives. 


B. Thio -alcohols and -ethers 

The relationship betw^een oxygen and sulphur, indicated by 
their positions in the periodic classification of the elements, is 
supported by a study of their carbon derivatives. Correspond- 
ing with the monohydric are the thio-alcohola or “ thiols 
Similarly a group corresponding with the ethers is known as 
the thio-ethers or alkyl sulphides. These are liquids of a 
most uni)Ieasant and piercing odour, something like that of 
leeks; they are nearly insoluble in water, and the lower mem- 
bers are very volatile. The higher homologues are not so 
( B 480 ) 5 
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soluble in water, but are soluble in alcohol and ether, and 
their smell is less strong on account of the rise iu the boiling- 
point. They are readily inflammable. 

The thio-alcohols, also called mercaptans or alkyl hydro- 
sulphides, e.g. mercaptan, ethan-thiol, Ca-^a'SH, although of 
neutral reaction, possess the chemical characters of wxiak acids 
and are capable of forming salts, the ** mercaptides especially 
mercury compounds. The name mercaptan is derived from 
‘‘ corpus mercurio aptum They are soluble in a strong solu- 
tion of potash, and their boiling-points are distinctly lower 
than those of the corresponding alcohols. The thio-ethers, 
also termed alkyl sulphides, e.g. ethyl sulphide, (021*15)28, are 
on the other hand neutral volatile liquids without acid char- 
acter. 

Both classes of compounds are derived from hydrogen 
sulphide by the replacement of either one or both atoms of 
hydrogen by alkyl groups, just as alcohol and ether are derived 
from water: 


H 

H 


S. 


H 


‘‘js. 


OJI,) 


The boiling-points are methyl mercaptan 0°, ethyl mercap- 
tan 36°, methyl sulphide 37°, ethyl sulphide 92'*'. 

The constitution of these compounds follows at once from 
their modes of formation. 

Formation . — The mercaptans may be obtained: 

1. By w^arming an alkyl halide or sulphate with potassium 
hydrosulphide in concentrated alcoholic or aqueous solution: 


CJI.Br -f KSH - + KBr. 


2. By heating alcohol with phosphorus pentasulphide, the 
oxygen being thus replaced by sulphur (KekuU). 

The thio-ethers are similarly obtained: 

1, From an alkyl halide or potassium alkyl sulphate and 
normal potassium sulphide: 

2C,H6 S04K -F K,S - (C*H,)aS -I- 2KSO,. 


2. By treating ethers with phosphorus pentasulphide. 

“ Mixed sulphides comparable with the “ mixed ethers 
can also be prepared, e.g. methyl-ethyl sulpliide, CgHg-S-CHj. 
Mustard gas, or ^^'-dichloroethyl sulphide, {CH2CbCH4)j8, 
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was manufactured in large quantities by the following reaction 
for use as a poison gas during tiie war of 1914-18: 

2CH,:CH2 SgCl, (CH,CI CH2)2S 4- S. 

{Gibson and Pope, J, C. S., 1920, 271.) 

Behaviour. — A. The Mcrcaptans. 

1. Sodium and potassium act upon the mercaptans to form 
sodium and potassium salts, white crystalline compounds, 
which are decomposed by water. The mercury salts are ob- 
tained by warming an alcoholic solution of mercaptan with 
mercuric oxide, e.g. mercuric mercaptide, Hg{C2Hr,S)2 (white 
plates). With mercuric chloride sparingly soluble compounds 
are formed, e.g. C2ll5*S*Hg-Cl, a white precipitate. The lead 
salts are yellow-coloured, and are formed when alcoholic 
solutions of a mercaptan and of lead acetate are mixed. 

2. With acids they tend to form esters (thio-esters), but not 
so readily as the alcohols {Reid). 

C,H, SH + C.H^-CO^H ^ C,H, CO SEt -f H,0. 

3. When oxidizf^J with nitric acid the mcrcaptans are 
transformed into alkyl*sulphonic acids (isomeric with alkyl 
sulphites, Chap. IV, C 4): 

O 

CjH. SH f 30 “ '}S<^ (othyl-sulphonic acid). 

no' 

4. The mercaptans in the form of sodium salts are oxidized 
by iodine or by sulphuryl chloride, SO2CI2, and also frequently 
in animoniacal solution in the air to disulphides, e.g. ethyl 
disulphide, (02415)282, thus: 

2r,>l5S Na I la - CaHs'S S CjHj 4 2NaT. 

These are disagreeably-smelling liquids, which have much 
higher boiling-points than the mercaptans, and are formed by 
the putrefaction of certain proteins. They are reduced by 
nascent hydrogen, and with nitric acid yield disulphoxides, 
e.g. ethyl disulphoxide, (02115)28202. 

B. The Thio-ethers, — 1. They yield additive compounds 
with metallic salts, e.g. (02115)28, HgCl2, which can be crystal- 
lized from ether. 

2. They are capable of combining with halogen or oxygen. 
Thus ethyl sulphide forms with bromine a dibromide, 
(€2115)28:312, crystallizing in yellow octohedra, and with 
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dilute nitric acid, diethyl sulphoxide, (02115)28:0, a thick 
liquid soluble in water, which combines further with nitric 
acid to the compound, (02115)280, HNO3. Ooncentrated 
nitric acid or potuvssium permanganate oxidizes the sulphides 
or siilphoxidcs to salphones» e.g. ethyl sulj)hide to (di)-ethyl 
sulphone, (02115)2802, and methyl-ethyl sulphide to methyl- 
ethyl sulphone, (0H3)(C2H5)S02. The sulphones are solid 
well-characterized compounds which boil without decom- 
position. 

The suljilioxides, but not the sulphones, are reduced by 
nascent hydrogen to ^sulphides. 

3 . The alkyl 8ul])hid(\s combine with alkyl iodides to form 
the trialkyl-sulphonium iodides, e.g. Me^S and Mel-^-McaSI 
(cf, ammonium salts). Trimethyl-sulphonium iodide is a colour- 
less crystalline salt, soluble in water, and when heated is 
resolved into its components. It behaves exactly like a salt 
of hydriodic acid, and yields with moist silver oxide — (but 
not with alkali)— an oily base, trimethyl-sulphonium hydroxide, 
(0113)38*011, which cannot be volatilized without decomposition. 
This is as strong a base as caustic potash, and resembles the 
latter so closely that it absorbs carbon dioxide, cauterizes 
the skin, drives out ammonia, and gives salts with acids even 
with hydrogen sulphide; these latter closely resemble the 
alkali sulphides, e.g. they dissolve Sb2S3 (Oefele, 1833 ; Cakours). 

The compounds just described are of particular interest with 
regard to the question of the valency of sulphur. 

The readiness with which these sulphur compounds are 
oxidized, and the ease with which they yield additive com- 
pounds, is undoubtedly due to the readiness with which the 
S atom passes from the di- to the tetra- or hexa-valent state. 


CH 

ClI, 




Ek 

\S » O. 
Et/ 

Sulphoride 


CH,/ 


8\ /Br ax . 

\S with Br* gives , and with CliJ, 

' ” ^ ^Br 


CH,, 




CII,/ '/CH,' 


Et O 

X . 

Et/ *0 

.Sulphone 


HO-/ ^0 

Sulphonic acid 


Since in ethyl sulphide both the alkyl radicals are bound 
to the sulphur, this will also be the case in ethyl sulphone, 
otherwise the sulphones would manifestly be easily saponi- 
fiable. (See Ethyl -hydrogen sulphite.) The sulphonium hy- 
droxides also can only he explained very insufficiently as 
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molecular compounds, on iLc assumj)iion of tlie divalence of 
Bul])hur. The formula (CII;j)2>S + ClfgOU for trimetiiyl- 
gulphonium hydroxide does not indicate in the least the strongly 
basic character of this substance, since it is not explicable why 
the mere addition of the neutral methyl alcohol to the equally 
neutral methyl sulphide should produce such an effect. 

With respect to isomers, the same general conditions prevail 
in the sulphur as in the corresponding oxygen compounds. 

SULPHIDES OF UXvSATURATED ALKYL RADICALS 

Allyl sulphide, (Wertheim), 1844, present in the 

oil of Allhnn satkmm — oil of garlic in Thlaspi arvense, &c., 

mav be pre[)ared from allyl iodide and KgS {Hofmann^ Cahours). 
B.-id. 14(/. 

Analogous alkyl selenium and tellurium compounds are 

also known. They arc in part distinguished by their exces- 
sively disagreeable, nauseous, and persistent odour. 


C. Esters of the Alcohols with Inorganic 
Acids and their Isomers 

The esters or alkyl salts may be considered as derived from 
the acids by the exchange of the re])laceab!e hydrogen of the 
latter for alkyl radicals, just as metallic salts result by ex- 
changing the hydrogen for a metallic radical: 

HXO3. KNO3. (C^H.lNOa. 

Or they are derived from the alcohols by exchange of the 
hydroxyl radical for acid radicals, e.g. CgH^'NOs, ethyl nitrate; 
CgHg'SO^H, ethyl hydrogen sulphate; and CgHg-Cl, ethyl 
chloride. 

Monobasic acids yield only one kind of ester, “ neutral or 
normal esters ” — which are analogous to the normal metallic 
salts of those acids. 

Dibasic acids yield two series of esters — (1) acid esters and 
(2) neutral esters — corresponding respectively with acid and 
normal salts; thus, C2H5-HS04 and (02115)2:804 are the acid 
and normal ethyl esters of sulphuric acid. Tribasic acids yield 
three series of esters, &c. 

The composition of the esters or alkyl salts is therefore 
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exactly Analogous to that of melaliic salts, so that in tliA 
definition of poly basic acids their behaviour in the formation 
of esters may also be included. 

The normal esters are mostly liquids of neutral reaction, 
and often of very agreeable odour, with relatively low boiling- 
points, and volatilize, eventually in a vacuum, without decom- 
position. Most of them are very sparingly soluble in water. 
The acid esters, also called ester-acids, on the other hand, are 
of acid reaction, without smell, usually very readily soluble 
in water, much less stable than the neutral esters, and not 
volatile without decomposition. They act as acids, i.e. form 
salts and esters. 

All esters are able to combine with water, and are by this 
means resolved again into their components, namely, alcohol 
and acid, e.g.: 

C,H,N03 -f H^O » C.IbOn -f HNO3. 


This process occurs when the ester is boiled with alkalis or 
acids, or when heated with steam to over 100^, e.g. 150°-*] 80°, 
and is termed hydrolysis, or saponification, when alkalis are 
used (see Soaps, p. 184). The reaction is usually conducted 
in a flask fitted with a reflux condenser, but wflth esters derived 
from strong acids the reaction takes place when the ester is 
mixed with water at the ordinary temperature. 

General Modes of Formation. — 1. The simplest method for 
obtaining an ester is by the action of the acid on the alcohol, 
water always being formed as a by-product. As the reactions 
are reversible, 


c^H.OH + o:N*on^CaH 50 N:o + hoh, 

it is essential that the water formed should be removed from 
the sphere of action by the aid of concentrated sulphuric acid, 
fused zinc chloride, &c., or that a large excess of acid should 
be employed, otherwise after a short time a state of chemical 
equilibrium is reached, all four compounds are present, and 
the direct and reverse reactions are proceeding at the same 
rate; even prolonged heating will then not transform any 
further amounts of acid and alcohol into ester. 

Esters are therefore often prepared by adding an excess of 
concentrated sulphuric acid to a mixture of the alcohol and 
sodium salt of the acid. 
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2. The alcohol is heated with the acid chloride, thus: 

O .OC,H, 

-h 2C*Ha OH - ^S< + 2HC1. 

3. The silver salt of the acid is heated with an alkyl iodide ; 
this is a method of very general application, although it often 
leads to isomers of the expected ester (sec also p. 105) : 

CaH^ l + OIN OAg « 0:N 0C,H, 4* Agl. 

Besides the true esters, there are also included in this 
division several other classes of acid derivatives isomeric with 
them, but distinguished from them by not being readily 
hydrolysed, i.e. by being more stable, e.g. nitro-compounds, 
sulphonic and phosphinic acids, &c. The hydrocyanic deri- 
vatives of the alcohols will also be described here for the sake 
of convenience. These, also, arc not hydrolysed in the normal 
manner into alcohol and acid, but are decomposed in quite a 
different manner. 


>< 


1. ESTERS OF NITRIC ACID 

Methyl nitrate, CHj-O'NOg, is a colourless liquid, boiling 
at 66°. Ethyl nitrate, C2n5’0*N02 (Millon), is a mobile 
liquid of agreeable odour and sweet taste, but with a bitter 
after-taste; it boils at 86°, and burns with a white flame. Both 
esters are soluble in water. The latter is prepared directly 
from the alcohol and acid, with the addition of urea in order 
to destroy any nitrous acid as fast as it is formed. 

Nitric esters contain a large proportion of oxygen in a form 
in which it is readily given up; they therefore explode when 
suddenly heated. They are very readily hydrolysed to nitric 
acid and the alcohol when boiled with alkalis. Tin and hydro- 
chloric acid reduce them to hydroxylamine: 

CtHg O N^ -f 6H - + H,N OH + HjO. 

These two reactions indicate that the nitrogen atom is no 
directly united to carbon, as it is so readily removed either as 
nitric acid or as hydroxylamine. 
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2. DERIVATIVES OF NITROUS ACID 

The compound C2H5O2N exists in two isomeric forms, repre- 

C,..,0.N :0 .„d 

former is termed ethyl nitrite, as it is the true Cvster of nitrous 
acid, n‘0‘N:0; the isorneride is termed nitro-ethane, as it 

contains the nitro group — N/ attached to carbon. 

a. Alkyl nitrites. — These are obtained by the action of 
nitrous fumes (from arsenious oxide and nitric acid), or of 
sodium nitrite and sulphuric acid, or of copper and nitric 
acid upon the alcohols. They are neutral liquids of aromatic 
odour, with very low boiling-points, and are readily hydrolysed 
to the corresponding alcohol and acid. When reduced they 
yield the alcohol, ammonia, and water. 

Methyl nitrite is a gas. Ethyl nitrite boils at 18°, has a 
characteristic odour, and in the impure state, as obfnined 
from alcohol, copper, and nitric acid, is used medicinally 
under the name of sweet spirits of nitre 

Amyl nitrite, is a pale yellow liquid boiling 

at 96°, and is used in medicine; it produces expans: on of the 
blood-vessels and relaxation of the contractile mus(des. 

The Nitro-derivatives are colourless liquids of ethereal 
odour, practically insoluble in water, and boiling at tempera- 
tures some 100° higher than their isomers. Like the latter 
they distil without decomposition, and occasionally explode 
when quickly heated. They are fundamentally distinguished 
from the alkyl nitrites by not being readily hydrolysed, and 
by yielding amino-compounds (see these) on reduction, the 
nitrogen remaining attached to carbon: 

CH, N^ 6H - CH, NH, + 2H,0. 

Nitro-methane boils at 99°-101°. Nitro-ethaae, C^Hg-NOg 
(F. Me^er and Siuher, 1872), boils at 113°-114°, burns with a 
bright flame, and the vapour does not explode even at a high 
temperature. 

Formation, — 1. The nitro-compounds may be obtained by 
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treating an alkyl iodide with solid silver nitrite (F. Meyer). 
When methyl iodide is used nitro-me thane alone is formed, 
with ethyl iodide about equal weights of nitro-ethane and 
ethyl nitrite, and the liigher homologues in regularly decreas- 
ing amounts as comj^ared with those of their isomers, from 
which, however, they may be readily separated by distillation. 
Tertiary alkyl iodides do not yield nitro-compounds (cf. 
Kohler^ J. A. C. S., 1916, 898; Reynolds and Atkins, 1929, 279). 
The latter show that the bromides react more readily than 
chlorides or iodide.'^, and primary alkyl halides give better 
yields than secondary or tertiary : 

CH3I 4 AgXOa - ( IJ.vXOg ^ A-I. 

Nitro-rnethane is most readily prepared by the action of 
sodium nitrite solution on sodium chloro-acetate, carbon di- 
oxide being eliminated. 

2. Tlie nitro-derivatives of the lower paraffins cannot be 
obtiiinexl by the direct action of nitric acid on the hydro- 
carbons, but with some of the higher derivatives this is pos- 
sible, e.g. heptane, octane, &c. With decane a 30-per cent 
yield of a mono-nitro-derivative may be o]>tained by means of 
fuming nitric acid. (Worstall, Am. 1898, 20, 202; 1899, 21, 
211 ; KoiiowahjJ, Abs. 1905, i, 764; 1907, 1, 1.) This method 
is largely employed in the aromatic series (see Nitrobenzene). 

The constitution of the nitro-compounds follows from the 
facts given on ]). 104, and it follow^sthat the N atom is attached 
to C of an alkyl group. 

With the alkyl nitrites both by hydrolysis and reduction 
nitrogen is eliminated as HNO2 or NH3 and hence is pre- 
sumably attached to 0 and not to C (II). 

, 0 

- XT' O. 

0 11 . Methyl nitrile 

I. Nitro- methane 

From this follows for the hypothetical hydrated nitrous 
acid the formula H*0*N:0, and for the anhydride the for- 
mula (N0)20. The aromatic hydrocarbons, e.g. benzene, CgHg, 
yield with nitric acid nitro-compounds, thus: 

H + HNO, - C.Hj NOg 4 11*0. 

Nitric acid, therefore, contains a nitro-group bound to 
hydroxyl, corresponding with the formula H-O-NOg. 

( B 480 ) 5 • 
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Behaviour. — 1. They yield primary aniiues with acid reduc- 
ing agents, e.g. iron and acetic acid, tin and hydrochloric acid, 
&c., substituted hydroxylamiiies being formed as intermediate 
products (F. Meyer, B., 1892, 1714). 

2. Primary (-CHg-NOj) and secondary (rCH-NOg) nitro- 
compounds can yield metallic derivatives, and hence possess 
certain acidic properties. For example, nitro-methane, and 
nitro-ethane react with alcoholic sodium hydroxide, yielding 
sodium compounds, CH2Na*N02 and CIIg-CIINa-NOg. It is 
almost certain that these sodium salts are not true derivatives 
of the nitro-compound, but are derived from an isomer, the 

0 

so-called uo-mtro-compoimd CIL, N<^ , and thus sodium 

^ on 

nitro-methane has the constitutional formula f^JHg^NO-ONa 
{Holleniann, B., 190), 2913). The nitro-derivatives are thus 
not true acids, but pseudo acids (Hantzsch, B., 1899, 577; see 
also Phenylnitromethane). These sodium salts are crystalline 
solids, and are highly explosive. 

Tertiary nitro-compoimds (iC-NOg) contain no hydrogen 
joined to the carbon atom which is united to the nitro-group, 
and they have not an acid character; tlio acidifying influence 
of the nitro-group does not therefore cxtcmd to those hydrogen 
atoms which are attached to other carljon atoms. 

The hydrogen in the primary and secondary nitro-deriva 
tives, which is attached to the same carbon atom as the NOg 
group, can also be replaced by bromine. 8o long as hvdrogcm, 
as well as this bromine and the nitro-group, remains joined to 
the carbon atom in qiu'stion, the compound is of a strongly 
acid character; but when this hydrogen also is substituted by 
bromine, the compound becomes neutral, e.g. dibrorao-nitro- 
ethane, CIlg-CBrg-NOg, is neutral. 

The reactivity of the hydrogen atoms of the -CHg-NOg 
and - CTI-N 02 groups, characteristic of primary and secon- 
dary nitro-compounds, is exemplified in the reactions of 
these compounds with aldehydes in the presence of sodium 
carbonate, A primary nitro-compound can combine with 
one or with two molecules of formaldehyde, yielding 
--CH(N 02 )CH 2 * 0 H and —^NO^) (CHg-OH)^. 

3. The reactions of the nitro-compounds with nitrous acid 
is very varied. The primary yield nitrolic acids and the 
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Becondary pseudo-nitrois, while the tertiary do not react with 
it at all. Thus from nitro-etbane, CH^-Cr elhyl- 

NOII, 

nitrolic acid, an acid crystallizing in light 

yellow crystals and yielding intensely red alkali salts, is 
formed. Normal nitro-propane acts similarly. Secondary 
nitro-propane, (€113)2 .‘CH-NOg, contrary, 

propyl-pseudo-nitrol, (CH3)2C(N0)(N02), a white crystalline, 
indiflFerent, non-acid substance, w^hich is blue either when 


fused or when in solution. These reactions, which are only 
given with compounds of low molecular weight (in the primary 
up to Cg, and in the secondary up to C5), are specially appli- 
cable for distinguishing between the primary, secondary, or 
tertiary nature of an alcohol (see p. 76). The nitro-hydro- 
carbons, which are readily prepared from the iodides, are dis- 
solved in a solution of potash to which sodium nitrite is 
added, the solution acidified with sulphuric acid and again 
made alkaline, and then observed for the production of a 
red coloration (primary alcohol), a blue coloration (secondary 
alcohol), or no coloration (tertiary alcohol). 

Chloropicrin, CCI3NO2, a heavy liquid of excessively suffo- 
cating smell, b.-pt. 112®, is formed from many hydrocarbon 
compounds by the simuftaneoiis action of nitric acid and 
chlorine, cliloride of lime, &c. It is l>est obtained from picric 
acid and bleaching-powder. 

Polynitro-derivativea are also known. Dinitromethane, 
CH2(N02)2» an unstable yellow oil; dinitroethane, CHg-CIl 
(N02)2» obtained from CH3*CHBr*N02 and potassium nitrite, 
b.-pt. 185®; trinitromethane or nitroform, CH(N02)3, colour- 
less crystals, m.-pt. 15®; tetramtromethaae, C(N02)4, colour- 
less crystals, m.-pt, 13® and b.-pt. 126®, is prey>ared by the 
action of nitric acid (D = 1-53) on acetic anhydride (CkaUa^ 
toay, J. C. S., 1910, 2100), or by passing acetylene into nitric 
acid and a mercury salt, then warming with sulphuric acid and 
distilling (Orton). For constitution, cf. Schmidt, B., 1919, 400. 
Good yields (50 per cent) of dinitro-compounds of the type 
N02*[CH2]n*N02 can be obtained from the corresponding 
di-iodo-derivatives and silver nitrite (Von Braun and Sobecki, 
B., 1911, 2526) provided n > 3. The compounds are stable 
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and react with bromine, nitrons acid, <fec., in much the same 
manner as mono-nitro-compounds. They are accomj)anied by 
alkylene dinitrites, 0:N*0[CH2]ii‘0*N:0, and nitre-nitrites, 
N02*[CH2 ]ii* 0-N:0, from which they can be separated by 
fractional distillation. The dinitro-compoimds can be used 
for the preparation of dialdehydes, since when reduced w^itb 
stannous chloride they yield dioximes, and these on hydrolysis 
give dialdehydes : 

NO, [CH J5 NO2 -> OH-N : CH CCHals CH .* N*OH -> 

1 : 6 Dinitro pentane 0 ! CH [Cngla CII 0 

Glutaric aldehyde 


3. ESTERS OF SULPHURIC ACID 

As a dibasic acid sulphuric acid can give rise to both neutral 
or normal esters, e.g. (02115)2804, and acid esters or alkyl 
hydrogen sulphates, e.g. C2H5HSO4. 

The neutral esters are formed by the three general methods : 
(a) from fuming sulphuric acid and alcohol; (6) from silver 
sulphate and alkyl iodide; (c) from sulphuryl chloride and 
alcohol: SO2CI2 -f 2C2H5OH - 802(0021X5)2 d 2 HCI. 

The acid esters of the primary alcohols are generally pre- 
pared directly from their components. Secondary and tertiary 
alcohols do not yield them. 

Ethyl sulphate, (021X5)2804, is a colourless oily liquid of an 
agreeable peppermint odour, insoluble in water, and solidifying 
on exposure to a low temperature. It Xjoils at 208 '^, is quickly 
hydrolysed with l)oiling water, but only slowly with cold water, 
yielding alcohol and sulphuric acid. A 90 -per-cent yield is 
obtained by distilling sodium ethyl sulphate in a vacuum. 

Methyl sulphate, (01X5)2804, is a syrupy oil, b.-pt. 188 ^ it is 
extremely poisonous, does not adhere to glass, and is a common 
reagent used instead of methyl iodide for the formation of 
methyl derivatives of phenols, alcohols, and amines, but only 
one methyl group reacts. It is also formed by the direct union 
of sulphur trioxide and methyl ether (E. P., 1919 ). 

Ethyl hydrogen sulphate, CgllgOSOg OH (Dainty 1802 ), 
is obtained from a mixture of alcohol and sulphuric acid, but 
not quantitatively, on account of the state of equilibrium tXiat 
ensues. It is also formed from ethylene and sulphuric acid 
at a somewhat higher temperature. It differs from sulphuric 
acid by its Ba-, Ca-, and Pb-salts being soluble, and it can 
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therefore be easily separated from the former by means of 
BaCOa, yields salts which crystallize beautifully, e.g. 

KC2H5SO4, but which slowly decompose into sulphate and 
alcohol on boiling their concentrated aqueous solution, espe- 
cially in presence of excess of alkali. 

These salts are frequently used instead of ethyl iodide for the 
pref)aration of other etliyl derivatives (process of ethylation). 

The free acid ester is prepared by adding the requisite 
amount of 8ul])huric acid to the barium salt. It is a colourless 
oily liquid which does not adhere to glass, and which slowly 
hydrolyses when its solution is evaporated or kept. When 
heated alone it is decomposed into ethylene and sulphuric acid; 
with alcohol it yields ethyl ether and sulphuric acid. The 
sodium salts of the higher alkyl hydrogen sul])hateB, e.g. 
CH3(CH2)n’ClJ2*0'S02Na are manufactured for use as deter- 
gents. 


4. DERIVATIVES OF SULPHUROUS ACID 

a. Alkyl Sulphites. — Ethyl sulphite, ^03(001! 5)2, is an 
ethereal liquid of pe})porirunt odour, which can be prepared 
from alcohol and thionyl chloride, SOClg, and \vhich is rapidly 
hydrolysed by water. It has b.-pt. ICl^, and its probable con- 
stitution is: 0:S(0P]t)2. 

Ethyl Hydrogen Sulphite.— The very unstable potassium 
salt, 0Et*S02K, is formed by the action of dry sulphur di- 
oxide on potassium ethoxide (Rosenheim, B., 1005, 1301). 
It is decomposed by water, yielding alcohol and potassium 
sulphite. 

The action of sodium hydroxide on ethyl sulphite does not 
hydrolyse the ester to sodium ethyl sulphite, but to sodium 
ethyl sulphonate, Cgll^-SOg-ONa. (B., 1898, 400.) 

/L Sulphonic Acids. — Sulphonic acids contain the uni- 
valent group ‘SO^'OH. They are colourless oils or solids, 
extremely hygroscopic, readily soluble in water, and are strong 
monobasic acids. They are much more stable than the iso- 
meric alkyl hydrogen sulphites; for example, they are not 
hydrolysed when boiled with aqueous alkalis or acids, but are 
decomposed when fused with potash. They are non-volatile 
with steam, and when strongly heated decompose. 

Ethylnralphonic acid, Cgllg SOg'OH (Lmoig, 1839; H, Kojyp, 
1840), is a strong monobasic acid, and yields crystalline salts, 
e.g. C^Hj’SOgK -f HjO (hygroscopic), CjHj SOjNa + HgO. 
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Methyl-sulpbonic acid, CHg^SOgli, is a syrupy liquid, and 
was prepared by Kolbem 1845 from triehloro-rnethybsiilphonic 
chloride, CCla'SOgOl (produced from CSg, Clg and 

Modes of Formation . — From sodium or ammonium sul- 
phite and alkyl iodide: 

C2H3 I + Na^SOa - CgH^ SOsNa 4 - Nal. 

Sulphonic esters are formed by the action of alkyl iodides 
on silver sulphite: 

2C,H,I + Ag^SO, ^ (C,H,),803 -f 2AgL 

2. By the oxidation of mercaptans by KMn04 or HNO3: 

C,H, SH + M - CJb 8O3H. 

The sulphonic acids yield chlorides witli PCI5, e.g, ethyl- 
sulphonic acid gives ethyl-sulphonic chloride, Cgl^g'SOaCl, a 
liquid wliich boils without decomposition at 177"^, fumes in 
the air, and is reconverted by water into ethyl-sulphonic and 
hydrochloric acids. Nascent hydrogen reduces it to mercaptan, 
and with zinc dust it yields the zinc salt of a syrupy, readily 
soluble acid, viz. ethyl-sulphinic acid, CgHg-SOgH, which may 
also be reduced to mercaptan. Sodium sulphinate yields 
ethyl sulphone when treated with ethyl bromide, 02^16®^* 
When esterified the acid forms an unstable ester, isomeric with 
ethyl sulphone (B., 1891, 2272). 

Ethyl Ethyl-sulphonate, CgHg-SOg OCgHs, is isomeric with 
ethyl sulphite, and, being an ester of the more stable ethyl- 
sulphonic acid, can only be partially hydrolysed. It is pre- 
pared from silver sulphite and ethyl iodide. It boils at 213*^, 
and the sulphonic esters generally have considerably higher 
boiling-points than the isomeric alkyl sulphites. 

Constitution . — From the formation of the sulphonic acids 
from mercaptans by oxidation, and the (indirect) reversibility 
of this reaction, it follows that the sulphur in them is directly 
attached to the alkyl radical and ethyl-sulphonic acid has the 
constitution : 

0 

C,H, SO. OH or >S<^ 

H(y ^0 

This constitution is in perfect harmony with the reaction of 
the acids with phosphorus pentachloride and also with their 
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monobasicity. The alkyl sulphites formed from thionyl chloride 
probably have the alkyl groups attached to oxygen, e.g. ethyl 
sulphite, 0 “S{ 0 Et) 2 . 

Esters of phosphoric acid PO(OR) 3 , PO(OR) 2 (On), and 
P0(0R)(0H)2, alkyl), exist, as do also similar com- 

pounds of phosphorous and hypophosphorous acids. The 
phospliinic acids, &c., are related to the two last-mentioned 
classes. Esters of boric silicic acids are also known. 


5. ALKYL DERIVATIVES OF HYDROCYANIC ACID 

Hydrocyanic acid, HCN, as a typi(‘al tautomeric substance 
(cl. Chap. LIII), yields two classes of derivatives by the 
exchange of its hydrogen atom for alkyl radicals, neither of 
which can be regarded as esters, in the sense that they are 
hydrolysed to the acid and alcohol. 

a. Alkyl Csranides or Nitriles, K-CjN. — These are either 
colourless liquids, which volatilize without decomposition, or 
solids with an ethereal odour slightly resembling that of 
leeks; they are lighter than water, and are relatively stable. 
The lower members are miscible with water, but the higher 
ones not, and they boil at about the same temperatures as th(^ 
corresponding alcohols. 

Formation. — 1. By heating an alkyl iodide with an alcoholic 
solution of potassium cyanide, or potassium ethyl-sulphate 
with j)ota8sium fcrrocyanide : 

CHal -f KCN - KI -f GHj-CN (methyl cyanide). 

When other metallic cyanides are used the product is a 
mixture of an alkyl cyanide with the isomeric alkyl carbyl- 
anadne and the proportions of the two vary largely with the 
metallic cyanide used {Guillemmd, Ajnn. Cliim., 1908, (VIII), 
14 , 311). 

2. From fatty .acids, e.g. acetic acid, CHj-CO-OH. The 
ammonium salt when distilled loses water and yields the acid 
amide, e.g.: 

CH, C0 0NU4 ™ H,0 -h CH, CO NH, (acetamide). 

The amide when heated with a dehydrating agent, e.g. P 40 jo. 
loses a second molecule of water and yields the cyanide: 

ClIa CO NH, - H,0 + CHj CiN. 
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As a consequence of this mode of formation these compounds 
are also termed nitriles of the monobasic acids, e.g. CHg-CN, 
methyl cyanide or aceto-nitrile ; CgHg-CN, propionitrile, &c. 

3. The higher nitriles, in which C > 5, are formed from the 
amirles of acids of the acetic series containing 1 atom of carbon 
more in the molecule, and also from the primary amines with 
the same number of carbon atoms, upon treatment witli bro- 
mine and caustic-soda solution. See Amides, Chap. VH, E. 

4. From the oximes of the aldehydes, by warming with 
acetic anhydride. See Aldoximes, Chap. L, Cl. 

5. In a few cases by the direct addition of HCN to an olefine 

RCH :CH, ~v RCH^-CH. C’N. 

6. Unsaturated nitriles are formed by condensing cyano- 
acetic acid with an aldehyde: 

R CH:0 + CN CH2 COaH-> R-Cn:CH CN + H*0 -f CO*. 

Reactions . — The nitriles are chemically active. Most of the 
reactions are of an additive nature, and are somewhat similar 
to those characteristic of the olefines. These reactions are in 
harmony with the constitutional formula) usually attributed 
to the nitriles, e.g. R-C-N, according to which a triple bond 
exists between a nitrogen and a carbon atom. 

1. When hydrolysed with acids or alkalis, or superheated 
with water, they take up water (2 mols.) and yield the am- 
monium salts of fatty acids (with alkalis, the alkali salt, and 
free ammonia). The reaction undoubtedly proceeds in two 
distinct stages, and an acid amide is first formed; 

oS'h, “ CH 3 CO NH,. 

CH,*CO*NH* + Had CHa'CO ONH^. 

It is generally impossible to stop the hydrolysis at the first 
stage in the case of aliphatic nitriles, but this is readily accom- 
plished with aromatic cyanides. They are also hydrolysed 
by HgOj, and by catalytic hydrolysis in vapour phase by 
passing the nitrile and steam over heated thoria or alumina. 
This is a reaction of considerable interest, a.s it is thus possible 
to pass from a saturated alcohol, to the aliphatic 

acid, CnHgn+i-COOII, which contains 1 atom of carbon more 
than the alcohol: 

CHa'OH -> CHjI -H. CH. CN -h. CB. COOB. 
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By using alcoholic sulphuric acid (10:1) as hydrolysing 
agent esters can be formed in place of acids (Spiegdy 
J. C, S., 1918, 216). 

2. Hydrogen sulphide behaves similarly to water, yielding 
thio-acetaniide CH 3 -CS*NH 2 - 

3. By the addition of hydrochloric acid, amido-chlorides or 
imido-chlorides are formed ; by the addition of ammonia bases, 
amidines, and by tlie action of alcoholic hydrogen chloride 
iminoethers R*C(OEt) : NH. 

4. Primary amines are obtained by reducing nitriles wtth 
sodium and alcohol (p. 117 ; cf. Rakshit, J. A. C. S., 1913, 444). 

CHg C;N + 411 - CHg Clla-NHg (cthylaminp). 

Catalytic processes of hydrogenation give appreciable 
amounts of secondar}^ amines, but by working in the presence 
of a(‘etic anhydride it i.s possible to ol)tiiin pure acetyl deri- 
vatives of the primary amine (A., 1931, 485 * 113). 

5. Metallic potassium or sodium frequently induces poly- 
merization; thus methyl cyanide yields in this way cyan- 
methine, a numo-acid base crystallizing in prisms. 

Aceto-nitrile, kJthane-nitrile, CHg-CN, b.-pt. 82®, is present in 
the products of distillation from the vinasse of sugar beet and 
in coal-tar. Propio-nitrile, {Propane-nitrile) ^ CgH^-CN, butyro- 
nitrile, Call/CN, and valero-nitrile, C 4 H» CN, are liquids of 
agreeable bitter-almond-oil odour; palmito-nitrile, C,,H3iCN, 
is like paraflSn. 

Isocyanides, Isonitriles or Carbylamines. — These are 
colourle.ss liquids readily soluble in alcohol and ether, but 
only slightly soluble in water. They have a feedde alkaline 
reaction, an un])carable putrid odour, and poisonous proper- 
ties, and boil somewhat lower than the isomeric nitriles. 

Forfnatmi , — L By heating an alkyl iodide witli silver 
cyanide instead of potassium cyanide {Gautier), 

2. In small quantity, along with the nitrile, when a potassium 
alkyl -sulphate is distilled with potassium cyanide. 

3. By the action of chloroform and alcoholic potash upon 
primary amines {Hofmann^ 1869) (see pp. 68 and 119): 

CHg-NH, + CHClg + 3KOH « CH,-N:C -f 3KC1 -f 3HjO. 

Behaiiour. — 1. The isonitriles differ fundamentally from the 
nitriles in their behaviour with water or dilute acids. When 
strongly heated with water, or with acids in the cold, they 
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decompose into formic acid and a primary amine containing 
an atom of carbon less than themselves: 

CH, NC -f 2HaO - CH 3 NHJ+ HCO,H. 

Unlike the nitriles, they are very stable towards alkalis. 

2 . The isonitriles are also capable of forming additive pro- 
ducts with the halogens, HCl, HgS, &c., compounds different 
from those given by the nitriles; thus, with HCl they yield 
crystalline salts which are rapidly decomposed by water into 
amine and formic acid. 

3. Some of the isonitriles change into the isomeric nitriles 
when heated.* According to Wade this change does not occur 
at all readily in the fatty series if the carbylamincs are 
thoroughly dry. (J. C. S., 1902, 1596). 

Metliyl isocyanide, CHa-NC, boils at 58°, and ethyl iso- 
cyanide, C 2 H 5 NC at 82°. 

Comtitution of the Nitriles and Isonitriles.—Tlia constitution 
of the nitriles follow^s from the readiness with w^hich they can 
be hydrolysed to acids of the acetic series. In acetic acid 
we knovT that we have a methyl group directly attached to 
a carbon aton, e.g. CH.,*CO‘OH, and since metliyl cyanide 
on hydrolysis yields acetic acid, it also presumably contains 
the methyl group attached to carbon. The nitrogen atom, 
on the other hand, is eliminated, and is thus probably not 
directly bound to tlie alkyl radical. Consequently aceto-nitrile 
has the constitution CHg-C.-N. 

This constitutional formula is supported by a study of the 
product formed on reduction, namely, CHg-CH^'NHa. 

In the case of the isonitriles, however, it is the nitrogen 
which must be directly bound to the alkyl radical, as their 
close connexion with the amine bases shows, the amines being 
easily prepared from and reconverted into the isonitriles. 
The carbon atom of the cyanogen group, on the contrary, is 
eliminated as formic acid on decomposition with acid, and is 
consequently not directly united to the alkyl radical, but only 
through the nitrogen. The constitutional formula of an alkyl 
cyanide is best represented by the electronic structure 

li™.N ^ *C 

a structure supported by dipole moments and other physical 
properties. (Sidgwick, The Covalent Link in Chemistry, p. 187). 
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D. Amines or Nitrogen* Bases of the Alkyl 
Radicals 

By the introduction of alkyl radicfils in place of hydrogen 
into the ammonia molecule, the important class of ammonia 
bases or amines is formed. 

Tlie amines containing small alkyl groups bear the closest 
resemblance to ammonia, and are even more strongly basic 
than the latter. They have an ammoniacal odour, give rise 
to white clouds with volatile acids, combine witli hydro- 
chloric acid, &c., to salts with evolution of heat, and yield 
platini- and auri-chlorides. Their aqueous solutions pre- 
cipitate insoluble hydroxides from solutions of the salts of the 
heavy metals, and these precipitates are frequently soluble 
in excess. 

The lowest members of this class are combustible gases 
readily soluble in water. The next are liquids of low boiling- 
point, also at first readily soluble; but tlie solubility in water, 
and also the volatility, decrease with an increase in molecular 
weight, until the highest members of the series, such as tricetyl- 
amine, (CigH 33 ) 3 N, are at the ordinary temperature odourless 
solids of iiigh boiling-points, insoluble in water })ut soluble in 
alcohol and ether, and readily combining with acids to form 
salts. All amines are considerably lighter than water. 

The quaternary ammonium hydroxides are solid and very 
hygroscopic, and closely resemble potash in properties. 

Classification , — The bases are divided into primary, secondary, 
tertiary, and guatemary bas^, according as they contain 1, 2, 
3, or 4 alkyl radicals; the three first are derived from am- 
monia, and the last from the hypothetical ammonium hy- 
droxide, NH^'OH. Characteristic of primary amines is the 
amino group, 'NH,, of secondary, the imirw group, : NH, and 
of tertiary, the N radical attached to three alkyl groups. 

The system of nomenclature is simple, as indicated by the 
following examples: CHj-NHj, methy lamine ; CgH^NHg, 
propylamine; {CaH^ljNH, di-ethylamine; (CHglgN, trimethyl- 
amine; and N(G2H5)4l, tetraet^lammoninm iodide. 

The alkyl radicals may be either saturated or unsaturated. 

Modes of Formation, — 1. Primary amines, e.g. methylamine, 
ethylaminei are obtained by heating al^l cyanates with 
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potash solution (Wurtz, 1848), just as cyanic acid itself yields 
ammonia and carbon dioxide: 

orciNcyis - cOj + nh^c^Hj. 

o:ii, 

2. By the direct introduction of the alkyl radical into 
ammonia by heating a concentrated solution of the latter with 
methyl iodide, chloride, or nitrate, ethyl iodide, kv. In this 
reaction an atom of hydrogen is first exchanged for an iilkyl 
radical, and the operation is repeated a second and third time 
so that NH ( 0113)2 and N(CH 3)3 are formed, the HI liberated 
forms salts wdth the NH 3 and methylamines and finally the 
trimethylaniine combines with Mel, forming tetramothyl- 
ammonium iodide jSIMe 4 l. 

N(CH3)3 + CH 3 I N(CH 3 )J. 

The compound obtained, tetramethylammonium iodide, is, 
however, no longer a salt of an amine, but of an ammonium 
base, and is not decomposed on distillation with potash solu- 
tion. The velocities of formation of quaternary ammonium 
iodides from tertiary amines and alkyl iodides have been 
determined by Mcnschutkin, The reaction has been shown 
to be a bimolecular one. The velocity varies with the alkyl 
iodide employed, decreasing as the alkyl grouj) becomes more 
complex. The solvent employed, for example, acetone, hexane, 
methyl alcohol, &c., also afTects the velocity of formation to 
an enormous extent, e.g. the combination of ethyl iodide and 
try-ethylamine takes place some 250 times as readily in ethyl 
alcohol as in hexane solution. 

Primary and secondary bases can also be transformed into 
secondary and tertiary by warming with potassium alkyb 
sulphates (B., 1891, 1678), or alkyl sulphates and alkali. 

When a mixture of alkyl iodides is used, mixed amines, 
i.e. amines containing different alkyl groups in the molecule, 
are obtained, e.g. methyl - propylamine, NH(CH3)(C3H7), 
methyl-ethyl-propylamine, N(CH3)(C2H5)(C3H7). 

When a secondary or tertiary alkyl iodide is used some HI 
is eliminated and hence the product contains a certain amount 
of olefines. 

The methylation (alkylation) of ammonia described above 
does not proceed in regular, well marked stages; the several 
processes go on simultaneously, the bases being partly liberated 
from the hydriodides by the ammonia, and so being free to 



FORMATION OF AMINES 


117 


react with more alJcyl halide. The product obtained by dis- 
tillation with potash is therefore a mixture of all the three 
amines and ammonia. 

These cannot be separated by fractional distillation, and 
one of the following methods is used: (a) Hofmanris method 
using ethyl oxalate, OEt-CO-CO-OEt. Methylaniine reacts 
with this ester to form chiefly (1) dimethyl-ozamide, 
CIIjjNH-CO CO-NirCHa (solid), and (2) some methyl-oxamic 
ester, OEt-CO-CO-NH-CHg (liquid); dimethylamine yields 
(3) the ethyl ester of dimethyl-oxamic acid, OEt CO CO- 
N(CH 3)2 (liquid), while trimethylamine does not react with 
the ethyl oxalate. The products can be largely separated by 
fractional distillation, the tertiary base passing over first, then 
3 and 2, 1 being left in the flask. Each is separately decomposed 
with potash, (1) and (2) yielding methylamine, and (3) dimethyl- 
amine, cf. Ilihhert and Wise, J. C. S., 1912, 344. 

(b) Hinsherg's method, using an aromatic sulphonyl chloride 
(Chap. XXIII). The primary amine yields a product R-NH-SOg* 
CgUg, w^hich has acidic properties owing to the NH group, 
the secondary amine forms the neutral compound RgN-SOgCgHs 
insoluble in alkali, and the tertiary base does not react and 
is soluble in acid. 

(c) A tertiary amine can be separated from a primary or 
secondary by treatment with a Grignard reagent. 

3. The nitro-compounds yield primary amines when treated 
with acid reducing agents (see p. 106): 

CHa-NOa ^ 6H - CHj NHa + 2H2O. 

4. The nitriles, including hydrocyanic acid, are capable of 
taking up four atoms of hydrogen (see p, 113) and forming 
primary amines (Mendius, 1862): 

CHa-CtN + 4H - (cthylamine). 

5. Primary amines, in which C < 6, are prepared according 
to Hofmanris method, by the action of bromine and then of 
caustic-soda solution upon the amides of acids containing 
1 carbon atom more than themselves (see Amides, Chap. 
VII, E.). 

6. Primary amines likewise result from the reduction of 
the oximes or hydrazones (Chap, V, C.): for example, 
acetaldoxime : 

CHj CHrN OH + 4H - CHj CH* NH, f HjO. 
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7. See Chap. XXVI, B., for GahrieVs method for preparation 
ot primary amines from phthalimide. 

8. Esters of i,<?ocyanic acid on hydrolysis yield primary 
amines (Wurtz, 1848): 

0:c:NEt + SKOH-^K^CO,, + EiNH*. 

9. Amino-acids are decarboxylated by certain bacteria to 
primary amines; 

rr«CH(NH2)C02H->C0a + Pr^ClL NUj (isopropylamine). 

10. A convenient method for ol)taining secondary amines 
is by hydrolysing a p-nitroso-di-alkylated aniline with alkali 
(Chap. XXI, C.):' 

ON CJI^ NMe^ -> ON C^Il* OH UNMcj. 

11. Another method for secondary amines is by the action 
of an alkyl bromide on sodium cyanamide and hydrolysing 
the dialkylcyanamide : 

Na^N CN -> KjN-CN K^NII -t U.,0 + VAK. 

Isomerts . — Numerous isoniers exi.st ariiong the amiiu^s, tlms: 




(U1,N. 

1 

i Sf 




^ i 

NIMCH,), 

NH(CH3)(CU1,) i 

1 nii((::h,)(c,h,) an<i 

I 


X{CH3)3 I 

I JV({:H,),((\11,) ■ ! 


This kind of isomerism is the same as that of the ethers 
(p. 97), i.e. metamoiism. From (C3H7) onwards, isomerism can 
also occur in the alkyl radicals. According to theory, as many 
amines Cn as alcohols Cjj+i are capable of existence. 

Behaiiour. — 1. The arninevS combine directly wdth acids (or- 
ganic or inorganic) to form salts in exactly the same way as 
ammonia; the quaternary ammonium bases, however, react 
with acids, forming salts and eliminating water like potassium 
or ammonium hydroxide: 

CHgNHj - 1 1 Cl - CHgNHj, HCl « CH3 NH3CI. 

(CHal.N-OH + HCl - (CH3)^Nd -T HgO. 

The salts so obtained are white, crystalhne compounds, 
readily soluble in water, and frequently hygroscopic. The 
chlorides form, with platinic chloride, sparingly soluble platini* 
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chlorides analogous to ammonium platinichloride, (NH4)2PtCl,;, 
e.g. methylaniine platinichloride, (CH3NH3)2PtCl,i. 

The same applies to the aurichlorides, e.g. C2H5Nli3AuCl4. 

Strong alkalis, e.g. potassium hydroxide, decompose all the 
salts with the exception of the quaternary ammonium com 
pounds yielding the free bases (and not ammonia). 

They are stronger bases than ammonia, the strongest being 
the NIIKg compounds as determined by ionization constants, 
whereas the NR3 bases arc somewhat weaker (J. C. S., 1912, 
1071; Werner, B., 1918, 900; 1919, 1010). 

Individual amines are often isolated and characterized as 
their j>icrates and sometimes as the jncrolonates. 

2. Hydrolysing agents such as alkalis and acids do not 
decompose the alkylated nitrogen bases. 

3. The difTerent classe.s of amines are distinguished from 
ea.ch other by ilio primary having 2 hydrogen atonts, the 
.secondary 1, but the tertiary none replaceable by alkyl 
groups; the same applies to acyl groups, e.g. acetyl. The 
structure of a particular amine can often be determined by 
complete methylation and an analysis of the final salt, e.g. 
of the three isomeric amines C3HJJN, j>ropylaniinc gives with 
methyl iodide, C3H7*N(CH3)3l, propyl-trimethyl-ammonium 
iodide =- O^HigNI; methyl-ethylamine gives C2H5-N(CIl3)3l, 
etliyl-trimethylaiumonium iodide C5H24NI; and trimethyl- 
amine gives N( 0113)4!, tetramethylainmonium iodide 
C4HJ2NI. An iodine estimation in the final product would 
immediately settle the structure of the original amine. 

The j)rimary bases fiiither differ from the others in their 
behaviour with chloroform, carbon disulphide, and nitrous acid. 

4. Only the primary bases react with chloroform and alco- 
holic potash, with formation of isonitriles (p, 1 13). 

5. When warmed with carbon disulphide in alcoholic solu- 
tion, the primary and secondary, but not the te‘rtiary% bases 
react to form derivatives of thiocarbamic acids. (See Carbonic 
Acid Derivatives, Chap. Xlil, D.) Should the amines be 
primary ones, the characteristically smelling isothiocyanates 
are produced upon heating the thiocarbamic derivatives with 
a solution of HgClg mustard oil reaction. Cf. Chap. 
XXI, A.). 

6. Nitrous acid reacts with the primary amines, forming 
alcohols, e.g.: 

CH, NH, -f H O NG - CH, OH i N, + H.O. 
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The reaction is not so simple witli the higher homologues, as 
molecular rearrangements can occur, e.g. the formation of 
wopropyl alcohol from n-pro})yiamine, and even elimination 
of water with the formation of an olefine (J. C. S., 1932, 3441). 

Secondary bases yield with nitrous acid nitroso-compounda, 
e.g. ‘‘ dimethyl-nitrosamine 

(CIJ3)2NH f KO OH (C^Ha^.N NO 4 HaO. 

These nitrosamines are yellow-coloured volatile liquids of 
aromatic odour (Genthcr) and give Lichermann s reaction with 
phenols {(Tiap. XXIV). When reduced with acid-reducing 
agents, or when heated wdth alcohol and hydrochloric acid, 
they regenerate the secondary amines. Weak reducing agcmts, 
however, convert them into hydrazines (this Chap. E.). The 
nitrosamines are frequently of great service in the ])urification 
of the vSecondary bases. 

Nitrous acid forms salts with tertiary amines. 

7. By the indirect action of nitric acid, nitramines result, 
i.e. amines in which an amino-hydrogen atom has }>eeu re- 
placed by the nitro-group, e.g. CHg-NH-NOa, methyl-nitra- 
mine. Similarly, by the indirect introduction of an amino- 
group, hydrazines are formed, e.g. CHa-NH-NlIg, methyl- 
hydrazine. 

8. The primary and secondary amines readily react with 
acid chlorides and anhydrides yielding acvl derivatives 
(Chap. Vll, B. and C.). 

7W-Nitrobenzene-sulphonyl chloride and tolucm^ ca-sul- 
phonyl chloride are of value for characterizing ])articular 
secondary amines (J. A. C. S., 1925, 166; 1926, 2943). 

9. While the amines are liberated from their salts by alkalis, 
the free bases of the quaternary ammonium salts, e.g. tetra- 
methylammonium iodide, cannot be prepared from these by 
treatment with potash, because the products are soluble and 
non-gaseous, and hence an equilibrium is attained. The salts 
behave normally in aqueous solutions, for example, the iodides 
yield precipitates with silver nitrate, and are good electrolytes. 
The corresponding hydroxides, e.g. N(CH 3 ) 40 H, are obtained 
most readily by acting upon the iodides with moist silver 
oxide. These hydroxides are extraordinarily like caustic 
potash. They are colourless hygroscopic solids, readily soluble 
in water, and abstract carbon dioxide from the air. The solu- 
tions have strongly alkaline properties, are good electrolytes, 
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and precipitate metallic hydroxides from solutions of their 
salts. When distilled they decompose, yielding the tertiary 
base, the tetramethyl base yielding in addition methyl alcohol, 
and the homologous bases olefine and water (cf. Ingold and 
others, J. C. S., 1927-1933). 

N(CH3)4 0H - N(CH,), + CHj-OH. 

N(C,li,),-OH - N(C,H5), -f C2H4 + H* 0 . 

They are of importance for the study of the valency of 
nitrogen. Their formation and general properties are most 
in harmony with the assumption of a quinque valent nitro- 
CH3 ,CH3 

gen atom, e.g. CTT3, and not as a so-called mole- 

ou/ \1 

cular compound, N(CH3)3, CH3I. (Cf. Trimethyl-sulphonium 
hydroxide.) The fact that the salts N(CH3)2(C2H5) 4- C2H5CI 
and N(CH3)(C2H5)2 + CH3CI are identical, is in agreement with 
the former assumption. {Meyer and Lecco.) Lastly, optically 
active isomers are met with among the quaternary ammonium 
salts, a point wliich receives its readiest explanation from the 
dissymmetry of the cation containing a quadrivalent nitro 
gen atom. (Sec Chap. L, C2.) 

10. The quaternary iodides are resolved into tertiary base 
and alkyl iodide when heated. In a mixed salt the largest 
alkyl group is usually eliininated, the order being allyl, benzyl, 
ethyl, propyl, isoamyl, methyl (A., 1911, 382, 5), and in certain 
cases an olefine and HI are formed. 

The iodides form perbromides and iodides, e.g. N(CH3)4*ri4 
(dark needles), and N(C2H5)4l*l2 (azure-blue needles). Such 
periodides readily lose the excess of iodide, and are hence 
relatively unstable. Hepta- and ennea-iodides also exist. 

The following table gives the boiling-points of the various 
amines: 



Primary 

Secondary 

Tertiary 

Methyl 


7° 

3-6° 

Ethyl 

ir 

56° 


n-Propyl . , , . 


110° 

156° 

n-Biityl * . 

76'' 

160° 

216° 

n-Octyl . . 

176° 

297° 

366° 
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Methylamines. All three amines, particularly dimethyl- 
amine, are present in the brine in which herrings have been 
salted, and are derived from the decomposition of the fish. 
The secondary and tertiary amines are formed by the destruc- 
tive distillation of the final residues from the molasses of 
beet-sugar factories. All tlirei'^ amines can be obtained from 
ammonia and formaldehyde (Werner, J. C. S., 1917, 844): 

H OH : O + NH 3 H CH' TljO f CU^ .* NH, 

CHalNH f JI.O HdirO-vOHaNHj 4 H CO OH. 

The formic acid can be further oxidized to COg and UgO, 
or can be conveidcd into methyl formate. Formaldehyde is 
thus a methylating agent, just as a mixture of Mel or ^02864 
and alkali. The methylaminc can react with more formalde- 
hyde, yielding dimethylamine, and the final stage is: 

OHg.’O 4 ^NliMe, CHj(NMe2), 4- 

and above 101 ®: 

CHdNMi*.). V NMe 3 4- ! NMe, 


no formic acid being produced. 

When this method of formation of methylamines is used, 
the separation of the amines is based on the following facts: 
1. Ammonium chloride is practically insoluble in a concen- 
trated solution of methylaminc hydrochloride, 2 . Dirtiethyl- 
amine hydrochloride is more soluble in water than the mono- 
methylamine salt, and the former is soluble in chloroform 
solution and the latter not, 

Methylamine, CHa-NHg, occurs in Mercurialis perennis and 
annua (“ rnercurialine ”), in the distillate from bones and wood, 
and is .formed when trimetbylamine hydrochloride is heated 
at 285®. 

It is most readily prepared from acetamide by the Hofmann 
reaction (No. 5, p. 1 1 7). Also from phthaJirnide (Chap. XXVI, B.) 
by methylating with formaldehyde and methyl alcohol at 70-90 
atm. pressure and hydrolysing the methylphthalimide. It is 
more strongly basic and even more soluble in water than 
ammonia, has a powerful ammoniacal and at the same time 
fish-like odour, and burns with a yellowish flame. Its aqueous 
solution, like that of ammonia, precipitates many metallic 
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salts, frequeutly redissolving tiie preci])ita,ted hydroxides; 
unlike ammonia, it does not dissolve Ni(()lI)M and Co(OJI) 2 . 

The hydrochloride, Cll3'Nlf2, IICI, forms large glistening 
plates, is very hygroscopic and niadily soluble in alcohol; the 
platinichloride crystallizes in golden scales, and the sulphate 
forms an alum. 

Dimethylamine, (CH 3 ) 2 NH, occurs in Peruvian guano and 
pyroligneous acid, and is formed by decomposing nitroso-di- 
rnethyl-anilinc by caustic-soda solution. 

Trimethylamine, (CTl 3 ) 3 N, is widely distributed in nature, 
being found in considerable quantity in Chenopodium vulvaria, 
also in Arnica jnoniann, in the blossom of Cralagus oxyacaniha, 
and of pear. It has an ammoniacal and fish-like odour. 

The tertiary amines can be oxidized by means of hydrogen 
peroxide to couifmuiids of the ty]>e {CH 3 ) 3 N: 0 , trimethyl- 
amine oxide, which are colourless crystalline bases. 

Tetramethylammonium iodide, N(CH 3 ) 4 l, is obtained in 
large quantity directly from NH3 4- CH3L It crystallizes in 
white needles or large* prisms, and has a bitter taste. 

Tetramethylammonium hydroxide, N(CH 3 ) 40 n, crystallizes 
in hygroscopic ncedl<‘s, and can be obtained by the action of 
alcoholic potash on an alcoholic solution of its chloride ; potas- 
sium chloride is precipitated, and the hydroxide remains in 
solution. It forms salts, e.g. a platinichloride, sulphide, poly- 
sulphide, cyanide, See. 

Tetramethylammonium amalgam, IIg(NMe 4 )x, is formed 
during the electrolysis of the chloride in absolute alcohol at 
- 34", using a mercury cathode (J. A. C. S., 1911, 273). 

Ethylamiues* The ethylamines are usually manufactured 
from ethyl chloride and ammonia. Ethylamine can be ob- 
tained from ethylene and ammonia at 450" and 20 atm. pressure 
using a suitable molybdenum catalyst. They can be separated 
by fractional distillation, using a ten-bulb column (J. C. S., 
1916, 174). For the preparation of mono- and di -ethylamine 
from ethylbromide and ammonia, and the separation of their 
hydrochlorides by ammonia, see Werner, J. C. S., 1918, 899. 

Ethylamine, GgHgNHg, has a strongly ammoniacal smell 
and biting taste, mixes with water in every proportion, and 
bums with a yellow flame. It dissolves Al(OH)3, but not 
Fe(0n)3; also Cu(OH)j5 with difficulty, but not Cd{0H)2. 
With bleaching powder it yields ethyl-dichloro-amme, 
CJHj'NClj, as a yellow oil of a most unpleasant piercing odour. 
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Tri-ethylaxnine, oily strongly alkaline liquid. 

The precipitates which it gives with solutions of metallic salts 
are mostly insoluble in excess of the precipitant. 

A compound of technical importance is the hydroxy-com- 
pound N(CH 2 *CH 2 * 0 H) 3 , triethanolamine, a hygrosc()})ic liquid 
forming neutral soaps with fatty acids which can be used as 
cleansing agents or for emulsifying oils (J. Ind.-Kng., 1930, 
143). 


E. Hydroxylamines; Hydrazines 

The Alkyl-hydroxylamines, which are derived from hy- 
droxylamiiie, NHg-OH, just as the amines are from ammonia, 
belong to two difTerent series, viz.: 

NH.OCIU and CH^NlfGH 
a-Methyl-hydroxylamine /3-MclIiyl- hydroxy laminc 

The com])Ounds of the first series, obtained from the oxime 
ethers (Chap. L, Cl), are — as ethereal compounds — relatively 
stable, and do not reduce Feldinfj^s solution. Those of the 
second series, obtained by the reduction of the nitro-hydro- 
carbons with zinc dust in ammonium chloride solution (p. 106), 
very readily undergo change, reduce Fehling's solution even 
in the cold, and yield primary amines when further reduced. 

E. Fischer has given the name of hydrazines to a series of 
bases, mostly liquid and closely resembling the amines, but 
containing two atoms of nitrogen in the molecule, and differ- 
ing from the latter especially by their capability of reducing 
Fehling^s solution, for the most part even in the cold, and by 
the ease with which they are oxidized. They are derived from 
“Diamide” or “Hydrazine”, NHg’NHg (Curtius and Jay, 
J. pr. Ch. 1889, (2), 39, 27), and are formed by the action of 
nascent hydrogen on the nitrosamines (p. 120): 

(CH8)*N N0 -f 4H == (CHa)aN'NHa + HjO. 

Primary, secondary, tertiary, and quaternary hydrazines are 
known, according as 1, 2, 3, or 4 of the hydrogen atoms in 
NHg-NHg are replaced by alkyl groups. 

The secondary hydrazines exist in two isomeric forms, 
namely, NHR*NHE and NHa-NRg, which are known respec- 
tively as symmetrical and unsymmetricAil secondary hydrazines. 
Methyl-hydrazine, CHg-NH-NH, (cf. A., 1889, 258, 5). An 
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excessively hyposcopic liquid, which fumes in the air, and has 
an odour similar to that of methylamine. B.-pt. 87 ^. 

Ethyl-hydrazine, CaHg-NH-NHj. When di-ethyl urea is 
treated with nitrous acid a nitroso-compound is formed, which, 
on reduction with zinc dust and acetic acid, yields the so-called 
“ diethyl-seniicarbazide and this decomposes, when heated 
with hydrochloric acid, into carbon dioxide, ethylamine, and 
ethyl-hydrazine : 




NHC4H, 


Di-ethyl-urea 


CO< 

^N(NO)-C2Hb 
Ni troso-com pound 


C,lb NH-CO N(NH,) CjH5 + H O H - CO, + 


CO< 

Diethyl-semicarbazide 
NHjCgHs 4 NH^ NHCJT,. 


Ethyl-hydrazine is a colourless mobile liquid of ethereal 
and faintly ammoniacal odour, boiling at 100°. It is very 
hygroscopic, forms white clouds with moist air, dissolves in 
water and alcohol with evolution of heat, and corrodes cork 
and caoutchouc. 

Diethyl-hydrazine, (C2H5)2N*NH2, is prepared from di- 
ethylamine by transforming it into di ethyl -nitrosamine by 
the nitrous-acid reaction, and then reducing the latter. It 
resembles ethyl-hydrazine closely: 

+ 4H « (CjHfilaN-NH, + H,0. 


Tetra-ethyl-tetrazine, (02115)2: N*N : N*N : (C2H5)2, a colourless, 
strongly basic oil, volatile with steam, is formed when diethyl- 
hydrazine is heated with mercuric oxide. 

The constitiUion of the hydrazines follows from their modes 
of formation. Since in diethyl-nitrosamine, (C2H5)2N-NO, 
for instance, the nitroso-group NO must be attached to the 
nitrogen of the amine and not to the carbon, judging from 
the ease with which it can be separated (p. 120), so the same 
linking of the atoms must be assumed in the hydrazines, 
which are formed from the nitroso-compounds by reduction, 
i.e. by exchange of 0 for 2H. The readiness with which di- 
ethyl-hydrazine is oxidized to diethylamine, e.g. by alkaline 
cujuic oxide, is an agreement with such a formula. The hydra- 
zines are relatively stable towards reducing agents. 
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F. Diazo- and Triazo -compounds 


A. Diazo- or diazene compoimds. — By the action of nitrons 
acid on a solution of a salt of a primary aromatic amine of the 
type of aniline, the important group of diazo or diazonium salts 
is formed (Chap. XXII, A.). It is generally stated that aliphatic 
amino-compounds and aromatic amines of the tyjie of ben- 
zylamine differ from the true aromatic amines in this respect, 
and immediately yield the corresponding hydroxy-compounds. 
A few aliphatic amino-compounds do, however, yield diazo- 
derivatives with cold nitrous acid; one of the best known of 

Nv 


these compounds is ethyl diazo-aoetate, i| ^ClI COgEt, a 

W 

yellow oil, b.-pt. 141°. It differs from the aromatic diazonium 
salts in having both nitrogen atoms attached to carbon, and 
may be regarded as the anhydride of a diazo hydroxide, 
OH-N: N-CH 2 *C 02 Et. Not all aliphatic amines can yield 
diazenes; the essentials are that the carbon atom to which the 
amino group is united shall have a hydrogen atom attached 
to it, and also an unsaturated group, e.g. CO, CN. If these 
conditions are not fulfilled, no diazene can be isolated, and the 
product is an alcohol. Thus ethyl a^-diaminopropionate with 
nitrous acid yields ethyl a-diazo-^-hydroxypropionate 


NH2 CHa CH(NH,) GO OEt -> OH Cna CN, CO OEt. 


It is probable that the H 3 of the -NHg reacts with the 0 of 
0:N*0H yielding water and giving a diazo hydroxide. 
•N:N*OH which then loses water giving the diazene. 

The simplest aliphatic diazo-compound is diazo-methane, 
/N 


CHo\ , which may be regarded as the anhydride of CIL- 

N : N*OH. Diazo-methane is prepared by decomposing nitroso- 
methyl-urethane, CH 3 *N(N 0 )*C 02 Et, with alkali, the com- 
pound, OH 3 *N:N*OK, being formed as an intermediate pro- 
duct (Hanlzsch and Lehmann^ B., 19()2, 897), or still more 
readily by decomposing nitrosomethylcarbamide with potas* 
sium hydroxide 


CH^ N(NO) CO NH* 4 KOH > CH,N, -f KOCN 4 2H,0 
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(Werner, J. C. S.. 1919, 1093). A third method in ])y the action 
of chloroform and alkali on hydrazine 

NH.NHj t CHCl, 4 aivOR -> NjNICHj f 3KC1 4 3H,0. 

Both diazomethane and ethyl diazoacctate are extremely 
reactive and are of value as synthetical reagents. 

1. With any organic acid or with dry hydrogen halides the 
H of the acid becomes replaced by dig or •CHg-COgEt. The 
products in the former case are methyl esters and in the latter 
case methyl esters with a •C 02 Et group replacing one of the 
methyl hydrogen atoms. 

R CO OH + NalCH COjEt N, 4 R CO OCIl. COaEt. 

2. With aqueous solutions of mineral acids tlie Ng is re- 
placed by II and Oil forming in the one case methyl alcohol 
and in the other ethyl glycollate, OlI-CHg'CO-OEt (Chap. 
IX, A.). Phenols and alcohols react with diazomethane yielding 
methyl ethers 

►Cell.-OCHs, C»H, OH > CJl, O CH,. 

but the reaction with alcohols is slow. 

Primary arylamines, e.g. aniline, react with diazomethane, 
yielding monomethyl derivatives 

C,H, NH, C^II. NHCHa, 

and diazomethane is an extremely viiluable methylating agent. 

3. Both compounds rciact with bromic or iodine, the Ng 
group being rejdaced by or (^ 2 , e.g. : 

CHjNj -> OHaBrj and CHJ,, CHNj. CO,Et gives Cin, CO,Et. 


4. With acyl chlorides (acid chlorides, Chap. VII, B.) esters 
of ketonic acids are formed, e.g. acetyl chloride, CII 3 *C 0 *C 1 , 
and ethyl diazoacetate yield aceto-diazoacetic ester CH^-CO* 
CNg-COgEt and ethyl chloroacetate. 

5. They readily combine with unsaturated esters giving 
pyrazoline derivatives (Chap. XLII, A.): 

CH,‘C(CO,Et) V 

CH,:CH‘CO,Et 4- N,CH CO,Et | >N 

CH(CO,Et)’NH/ 

(Buchner and others, A., 1892, 273, 214; F. Pechnann, B., 1898, 
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2950), and this pyrazolinc when heated loses nitrogen and 
fields a derivative of cyclopropane (Chap. XVI): 

CHa-C(C02Et) .CH-COaEt 

! ^ N». 

CH(COaEt)-NH/ X'HCO,Kt 


6. When reduced with hydrogen and colloidal platinum tli(' 
diazenes yield hydrazones, e.g. CPhjjNg yields CPh 2 :N*NH.> 
(Helv., 1921, 21). 

7. With thioketones, e.g. PhX:S, the hydrocarbon diazenes 

CPhjS. 

yield an unstable compound | ^N, which loses nitrogen, 


CH^N ^ 


CPIl 




/ 


S (Helv, 1920, 


giving tetraphenylethylene sulphide, 

833). CPbg 

Numerous homologues of diazoinethane and of ethyl dia- 
zoacetate have been prepared by Stavdii^ger (B., 1916, 188d), 
some by the oxidation with HgO of the hydrazones derived 
from aldehydes and ketones 


CR^INNHa + HgO->CKa:N:N + 11^0 f Hg 
COaEt CMeIN NHa + HgO CO,Et CH ! N : N -I HgO + Hg 


and diazoparaflins by the decomposition of nitroso-urethanes. 
CMegiNo is red and CPh 2 :N 2 , m.-pt. 29°, is bluish-red. 

B. Triazo-compounds. — Forster (J. C. S., 1908, 72, 669, 
1070, 1174, 1859, 1865) has obtained a number rd fairly 
simple aliphatic triazo-derivativcs containing the univalent 


grouping 



Ethyl tnazo-acetatCj N3-CH2-C02C2H5, ob- 


tained by the action of sodium azide, NaNg, on an alcoholic 
solution of ethyl chloro-acetate, is a colourless liquid, b.-pt. 
44°-46° under 2 mm. pressure, and has a sweet odour sugges- 
tive of chloroform. From this ester triazo-aceiic acid, m.-pt. 
16°, and almost as strong an acid as bromo-acetic, and triazo- 
acetamide, m.-pt. 58°, have been obtained by the ordinary 
methods. Triazo-acetone, acetonyl-azoimide, Ng'CHg'CO-CHg, 
obtained from chloro-acetone, is a colourless liquid, b.-pt. 54° 
under 2 mm. pressure. It has the properties of a ketone, e.g. 
yields a semicarbazone, m.-pt. 152°, and is instantly decom- 
posed by alkalis. Ethyl a-triazo-propionate and the isomeric 
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^-compouad, have Leen prepared, and also a-triazo-propionic 
acid, CH3*CHN3*C02H, the last of which has been resolved 
into optically active components. Ethyl- p-triazo-propionate is so 
readily decomposed by alkalis that the corresponding acid and 
amide have not been prepared. Allyl-azoimi^, CHg : CH*CH2* 
N3, b.-pt. 76*5°; triazo-ethyl alcoJwl, Nj-CHg-CHg-OH, b.-pt. 
61/ /8 rnm. ; (riazo-acetuldehyde, an oil, together with numerous 
esters derived from triazo-ethyl alcohol, have been prepared. 
Bis-tri azo-compounds can be obtained, e.g. bis-triazo-eihane, 
Na Clfg'CHg'Ng, and ethyl bis-triazo-acetate, CH(N3)2*C02Et, 
but are extremely explosive. Triazo-malonic acid and ethyl 
triazo-acetoacetate ap])ear to be incapable of existence, but 
substituted derivatives, e.g. CHg-CO-CNgMe-COgEt, and even 
a bis-triazo-compound, CH3-C0*C{N3)2*C02Et, are known. 
Triazo-ethylene, N3-CH :CH2, can be obtained by eliminating 
hydrogen iodide from triazo-ethyl iodide. It is a pale-yellow 
liquid, b.-pt. 2G°, and yields an oily dibromide. Numerous 
aromatic triazo-compounds have also been prepared, mainly 
from diazonium salts. (Cf. J. C. S., 1907, 855, 1350; 1909, 
183; 1910, 126, 254, 1056, 1360, 2570.) 

Differences of oj)inioii on the structure of the diazene mole- 
cule still exist. (Cf, Sidgwick, J. C. S., 1929, 1108; 1933, 406. 
Also B., 1930, 702, and WaicrR, p. 110. The cyclic formula I 
was first suggested by Curtins and Lang (J. pr., 1892, [2], 44 , 
554) mainly because the hydrazones of a-di ketones differ in 
propertie.s from tlie hydrazones of simple ketones; the latter 
were represented by an open chain structure II, and the former 
by ring formula? Ill, and as these give diazenes on oxidation 
the cyclic structure of the diazenes .seemed probable. 

.N /NH 

I CH/ ;; II li.C.-N'NH, III KCOCR< i 


The examination of their absorption spectra by Hantzsch 
and Lijschiiz (B., 1912, 3022) tended to confirm the ring struc- 
ture. The non-cyclic structure of the hydrazones derived from 
a-diketones has been rendered highly probable by the work of 
Forster and Zimmerli (J. C. S., 1910, 2156) on camphor quinone, 


a typical a-diketone, C„H 




CO 

1 

CO 


, which yields two isomeric 


( B 480 ) 


6 
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monohydrazonea. These resemble one another so closely in 
chemical properties that they are undoubtedly stereoisomeric 
(geometrical isoinerides) and therefore must be represented 
by the open chain structure, as the cyclic formula does not 
admit of stereoisomerism due to the nitrogen part of the 
molecule. Hence the diazenes derived from the hydrazones 
have open chain formulie (IV), as represented by Aiigeli and 
supported by Thiele (B., 1911, 2522). 

The possibility of an extremely rapid tautomeric change 

CHj/ |l ^CHjjrNJN IV 

must not, however, be forgotten. 

Practically all the chemical reactions of diazenes are in 
harmony with the oj^on chain structure. This contains a quin- 
quevalent nitrogen atom, and not the ordinary azo group as 
in diazobenzene; this group is generally reactive, yet in the 
numerous reactions of the aliphatic diazo-compound such a 
group does not take part (cf. Forster and Cardwell, J, C. S., 
1913, 861; also Stavdimjer, B., 1916, 1884). 

In a similar manner hydrazoic acid and its derivatives are 
represented by open chain formulae, e.g. HN:N;N. Such a 
structure accounts for the fact that by the action of Grignard 
reagents azides yield diazo-amino-compounds : 

R N : N : N R N : N NHR'. 

Parachors, on the other hand, are distinctly in favour of the 
cyclic structure (Lindcmann and Thiele, B., 1928, 1529, cf. 
however, Sidgwick, J. C. S., 1929, 1108.) 

Carbon pemitride, CN4, N;C-N:NiN, is formed by the action 
of cyanogen bromide on sodium azoimide. It forms colourless 
needles melting at 36®, explodes at 170®-'180®, and its aqueous 
solution rapidly hydrolyses to hydrazoic acid and carbon 
dioxide (C. R., 1912, 154, 1232). 

Carbon snbnitride, C 3 N 2 , obtained by heating tetraiodo- 
glyoxalin (Chap. XLII, B.) at 420®, is a brown-black amorphous 
substance, and in many respects resembles animal charcoal 
(B., 1913, 3129), 
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G. Alkyl Derivatives of Phosphorus, Arsenic, &c. 

1. PHOSPHORUS 

Just as amines are derived from aimnonia, so from phos- 
phuretted hydrogen, PH3, are derived primary, secondary, 
and tertiary phosphines by the exchange of hydrogen for 
alkyl radicals, and to these must likewise be added quaternary 
compounds, the phosphoninm bases. The phosphines corre- 
spond closely with the amines in composition and in some of 
their properties, e.g. they are not saponifiable. But they differ 
from them in the following points: 

1 . Like phosphuretted hydrogen itself, the alkyl phosphines 
are only feebly basic; thus ethyl phosphine does not afiect 
litmus, and its salts are decomposed by water. The salts of 
the secondary and tertiary compounds are not decomposed, 
thus showing that the presence of alkyl radicals tends to 
strengthen the basic properties of the compound. 

2 . Like phosphuretted hydrogen they are readily inflam- 
mable, and they are consequently rapidly oxidized in the air 
and readily take fire of themselves. 

3 . As the phosphorus atom in these compounds shows a 
tendency to pass from the ter- to the quinque-valent state, 
many of the phospRines behave as unsaturated compounds; 
they combine with oxygen, sulphur, halogens, &c., for ex- 
ample, (CH3)3P0, (CH3)3PS, (CH3)3PCl2, and a compound 
(CH3)3P, CSg, in the form of red plates. The products ob- 
tained on oxidation are characteristic, and may be regarded 
as derived from phosphoric acid, 0:P(0H)3, by the replace- 
ment of one or more OH groups by one or more alkyl radicals. 

CHj-PHj, with uitrio acid, yields CH,'PO(OH).^, methyl-phosphonic 
acid. 

(CH8)2PH, with nitric acid, yields (CHah PO-OH, dimethyl-phosphillic 
acid. 

{CH,)jP, on oxidation in the air, yields (CH8)jPO, trimethyl-phosphine 
oxide. 

4 . Corresponding with the disagreeable smell of phos- 
phuretted hydrogen, they possess an excessively strong stupe- 
fying odour; thus ethyl phosphine has a perfectly overpower- 
ing smell, and excites on the tongue and deep down in the 
throat an intensely bitter taste. 

Formation , — The tertiary phosphines and quaternary com- 
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pounds are formed directly from phosphine and an alkyl 
iodide. (Of. Amines, formation 2). 

PHj + 3CA1 - P{C,H5)8 + 3111. 

2. According to Hofmann (1871), primary and secondary 
phosphines are formed by heating phosphonium iodide and an 
alkyl iodide with zinc oxide, e.g.: 

2C,H5l f 2PHJ + ZnO « 2P(C8H,)n8, HI + Znl* + H^O. 

They can be separated from one another by decomposing 
the salts of the primary phosphines by water, as already 
mentioned. 

3. The tertiary phosphines are produced from calcium 
phosphide and an alkyl iodide, a reaction first observed by 
Thenard in 1846. 

4. Also from phosphorus trichloride and zinc methyl, or 
magnesium alkyl iodides {Auger and Billy, C., 1904, 139, 597). 

5. The phosphonium salts are formed by the combination 
of tertiary phosphines with an alkyl haloid, and closely re- 
semble the corresponding ammonium compounds. 

Tri-ethyl phosphine, P(C 2 H 5 ) 3 , has no alkaline reaction. 
When concentrated it possesses a stupefying, and when dilute 
a pleasant hyacinth-like odour. 

It forms a 'peroxide, PEtgOj, which is a powerful oxidizing 
agent, and hence tri-etliylphosphine can be used as an oxygen 
carrier, e.g. for the oxidation of indigotin by air. 

Tetramethyl-phosphonium hydroxide, P(0H3)4OH, yields 
trimethyl-phosphine oxide and methane when heated; 

P(CUskOH - P(CH,),0 + CH*. 

2. ARSENIC 

The similarity of arsenic to phosphorus and nitrogen is 
further exemplified by the analogous compounds which it 
forms with alkyl radicals. In virtue, however, of the more 
metallic character of arsenic, it does not show the same 
tendency to combine with alkyl radicals and hydrogen at 
the same time, but forms derivatives containing alkyl groups 
and electro-negative elements like chlorine or oxygen. 
Arsenic analogues of methylamines have been prepared, and 
are very unstable. (HeAn, Am. C. J., 1905, 88, 120.) Tri- 
methyl-arsine, analogous to trimethylamine and trimethyl- 
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pliosphine, Ls well known. Examples of primary and secondary 
compounds arc metliyl-arsino dicliloride, CHg’AsClg, dimethyl- 
arsine chloride, (CH3)2AsCI, and analogous substances. 
They arc colourless liquids of stupefying odour, exerting 
in some cases an unbearable irritating action upon the mucous 
membrane. They do not possess basic properties. In 
addition to these there exist also quaternary compounds, 
arsonium salts, which are analogous to the quaternary phos- 
phonium salts. 

The halogen of the chlorine compounds is easily replaceable 
by its equivalent of oxygen. Thus, corresponding with the 
compound R-AsOlg there is an oxide R-AsO and a sulphide 
R,*As 8 , and with the chloride RgAsCl an oxide (R 2 As) 20 . 
These oxides, liquid or solid, are compounds of stupefying 
odour, and behave like basic oxides; hydrochloric acid recon- 
verts theni into the corresponding chlorides. 

Here, also, the tendency of arsenic to change from the 
tcrvalent to the quinquevalent state is especially marked. 
The above chlorides and trimethyl- arsine itself all combine 
with two atoms of chlorine to compounds of the type AsXg. 
The above oxygen compounds of the ty|:)e AsXg and also tri- 
methyl-arslnc are consequently oxidizable to compounds con- 
taining oru* 0 atom or two OH groups more, acids or oxides 
which arc also formed from the chlorides of the type AsX^ 
by exchange of halogen for 0 or OH, e.g. cacodyl oxide, 

.OH 

(Me 2 As) 20 , to cacodylic acid, Me2As^ . These products 

^0 

are therefore completely analogous to the phosphonic and 
phosphinic acids and phosphine oxides already described. 

The compounds As(CH3)xCl5_x, of the type AsXg, when 
heated, decompose into methyl chloride and compounds 
As(CH3)x_iCl4_3^, of the type AsXg, this elimination of methyl 
chloride taking place the more readily the fewer methyl 
groups are present in the molecule; thus As(CH3)3Cl2 breaks 
up when somewhat strongly heated, As(CH3)2Cl3 at 50 ^^, and 
As(CH3)Cl4 at 0 °, i.e. the last-named is only stable when in 
a freezing-mixture. When, therefore, chlorine acts upon 
AB(Cn3)Cl2 at the ordinary temperature, the reaction appears 
to be one of direct exchange of alkyl for chlorine, thus: 


A»(CH,)a4 4- Cl, - And, + CH,CL 
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The tertiary arsines are formed: 

1. From sodium arsenide and alkyl iodide {Cahours and 
Riche ) : 

AsNa, -+■ SCaHjI » AsCCaH^), -f 3Nal. 

2. From arsenious chloride and (a) zinc alkyl (Hofmann), 
or (h) magnesium alkyl halide (Pfeiffer, B., 1904, 4620; 
Sauvage, C., 1904, 139, 674; Hihbert, B., 1006, 160). 

Trimethyl-arsine, As(CH 3 ) 3 , and triethyl-arsine, As(C2Hb)3, 
are liquids sparingly soluble in water. They fume in the air, 
and are thereby oxidized to tri-methyl- or -ethyl-arsine oxide. 

Tri-methyl -arsine is formed by the action of certain moulds, 
especially Penicillium hrevicaule on a mixture containing carbo- 
hydrate and an arsenite or arsenious oxide. The same organism 
has the power of methylating both sulphur and selenium 
compounds (Chap, LXIX, C.). 

The secondary arsines are obtained from cacodyl and 
cacodyl oxide, which are formed when a mixture of potassium 
acetate and arsenious oxide is distilled (Cadet, 1760): 

/As 0 /A 8 (CH 3 )g 

0< + 4CH3 COaK - 0< + 2C()2 4 2 CO 3 K,. 

^AsrO \As(CH 3)3 

The distillate of cacodyl and cacodyl oxide so obtained, 
and termed “ alkarsin fumes in the air and is spontaneously 
inflammable (Codeias “ fuming arsenical liquid ”). Hydro- 
chloric acid acts upon it to form cacodyl chloride (Bvnsen, 
1838), and caustic-potash solution gives pure cacodyl oxide, 
As2(CH8)40, a liquid of stupefying odour which produces 
nausea and unbearable irritation of the nasal mucous mem- 
brane; it boils without decomposition, and is insoluble in 
water and of neutral reaction. It yields salts with acids, 
e.g. cacodyl chloride with hydrochloric acid: 

0(AfiMe,), 4- 2HC1 « 2AsMejCl 4- H,0. 

The chloride is a liquid of even more stupefying odour and 
violent action than the oxide, and its vapour is spontaneously 
inflammable. When heated with zinc clippings in an atmo- 
sphere of carbon dioxide, it yields the free cacodyl, As 2 (CH 8)4 
(from KaKwSrfi, “ stinking *’), a colourless spontaneously in- 
flammable liquid insoluble in water and boiling undecomposed 
at 170 ^, and with a nauseous odour which produces vomiting 
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Cacodyl plays, therefore, the part of a simple electro-positive 
element; it is a tnie “ organic element ” (Bunsen). 

CIl \ 

Cacodylic acid, /vrr^ , is crystalline, soluble in 

\qii 

water, odourless, and poisonous. It forms crystallizable salts. 
For more complex Arsenic Compounds see Chap. LXVl. 

SUMMARY 




Compounds 
with Chlorine 

Oxides 

Acids 

Primary 

Methyl- 

Methyl- 

Methyl- 

Methyl- 


arsine 

arsine tetra- 

arsine 

arsonic acid. 


di chloride, 

cliloride. 

oxide, 

0 ! A8Me(OH)2. ; 


AsMeCl,. 
B.-p. i3r. 

AsMeCh. 

AsMeO. 
B.-p. 95°. 

Solid plates. 

Secondary 

Cacodyl 

Cacodyl 

Cacodyl 

Cacodylic 


chloride, 

tricliloride, 

oxide, 

acid, 


AfiMo^Cl. 
B.-p. mr. 

AsMejClj. 

(A9Me2)20. 

B.-p. 150°. 

O.'AsMejj-OH. 

Prisms. 

M..p. 200°. 

Tertiary 

Trimethyl- 
arsine, 
AsMca, 
B.-p. 70°. 

Trimethyl- 

arsine 

dichloride, 

AsMe,Cl|. 

Trimethyl. 

arsine 

oxide, 

AsMojO. 

Solid. 

i 


3. ANTIMONY, BORON, AND SILICON COMPOUNDS 

Alkyl derivatives of antimony are also kno^vm, e.g. Tri- 
methyistibine, a spontaneously inflammable liquid with a 
garlic odour ; Antimony pentamethyl, SbMcg, a non-poisonous 
volatile liquid ; and Tetramethylstibonium hydroxide, 
SbMe4*OII, a solid resembling caustic potash. Mixed de- 
rivatives, e.g. SbEtgPh and SbEtPhg can be obtained by 
heating the mixture of SbClg and SbPhj, first forming SbPhClg 
and SbPh2Cl, and then treating these with magnesium ethyl 
bromide. The trialkyl-derivatives of bismuth, e.g. BiMcg, are 
unstable, and bismuthonium compounds are not known. 
Boron tri-ethyl, B(C2H6)3 (Frankland), is a spontaneously 
inflammable liquid which bums with a green flame with 
deposition of much soot; and boron trimethyl, B(CH3)j, ar 
analogous gas of an unbearable stinking smell. 
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The silicon compounds {Friedd and Crafts), in contradis- 
tinction to the foregoing, resemble methane and the paraffins 
rather than the spontaneously inflammable silicon hydride, 
and are very stable in the air. Tetramethyl silicone, 81(0113)4, 
is a mobile liquid similar to pentane, and floats on water. Tetra- 
ethyl silicone or Silicononane, SiKt4, is also known, and gives 
rise to numerous derivatives corresponding with those of 
tetraethyl methane, e.g. SiOgHigOl, 8iC^Hl9•0•00•CH3, 
SiGyUj^ OH, Silicononyl alcohol. See, Of. Chap. L, B., and 
for nomenclature, Kipping, J. C. 8., 1912, 123. Numerous 
organic derivatives of silicon have been described by Kipping 
during the years 1901-1929. 


H. Organo -Metallic Compounds: Grignard 
Reagents 

Most of the important metals form definite compounds with 
alkyl groups. The composition of these organo-metallic or 
metallo-organic compounds almoKst always corresponds wdth 
that of the metallic chlorides from which they are derived 
by the replacement of halogen by alkyl. They are colourless, 
mobile liquids wffiich boil, without decomposition, at relatively 
low temperatures; they often decompose violently with water 
and burn explosively in the air, but in other cases they are 
stable, both in water and air. To the former category belong 
the magnesium, zinc, and aluminium alkyls, and to the latter 
the mercury, lead, and tin compounds. As most of the com- 
pounds are volatile, their molecular weights can be deter- 
mined, as the alkyl radicals are monovalent. Examples are: 
ZnMe2, CdMcg, HgEtg. AlMcg, PbMe4, SnEt4, &c. 

The physical and chemical properties of these compounds 
favour their covalent structure, e.g. the zinc in ZuMcg has 
an outer shell of four electrons. 

Compounds are also known which contain halogen as well 
as alkyl radicals combined with a metal, e.g. CHg-Mg-Br. They 
are known as Grignard compounds. They behave like salts. 
The halogen in them can be replaced by hydroxyl, wdereby 
basic compounds result, compounds which are often much 
more strongly basic than the corresponding metallic hydroxides, 
in accordance with the electro-positive character of the alco- 
hol radical. Such hydroxides or oxides cannot be volatilized 
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without decomposition. Compounds of the type, 
are very readily prepared from their components (Mg + CH 3 I) 
in dry ethereal solution, and are largely made use of as syn- 
thetical reagents. 

The organo-metallic compound may be prepared: 

1. By treating the alkyl halide with the metal in question. 
In this way zinc-, magnesium-, and mercury-alkyls are got: 

Mg, 2CHJ MgiCH,), -h Mgl,. 

The mixed organo-metallic compounds (p. 139), e.g. CHg-MgT 
or CgHg-Zn-I, are probably formed as intermediate products. 

2. Numerous metallic compounds have been prepared by 
double decomposition between zinc-alkyl and the metallic 
chlorides, or more recently by the action of the mixed mag- 
nesium compounds on the metallic chloride. Pfeiffer (B., 1904, 
319, 1125, 4617,) Hihhert (B., 1907, IGO) have prepared 
numerous tin, lead, and mercury compounds by this method: 

2C,H, Mg-I -f HgCI, « Hg(C.H,), -f MgCl, + Mgl„ 

and a coriipoimd Pb(C 6 H 5)3 analogous to triphenyl methyl 
(Chap. LIl, Bl), has also been isolated (B., 1919, 2165). 
Kipjping has used Grignard reagents for synthesizing various 
organo-silicon compounds (J. C. S., 1907-1915). 

Potassium- and Sodium methyU K(CH 3 ) and Na(CH 3 ), 
Potassium- and Sodium ethyl, K(C 2 H 5 ) and Na(C 2 H 5 ), and 
similar derivatives, e.g. sodium benzyl, Na-CHg-CglT^, are 
formed by the action of the alkali metal on the corresponding 
mercury compound in dry benzene. They are mostly colour- 
less amorphous solids and burn in contact with the air. The 
benzyl compound is a red crystalline compound and its 
ethereal solution is an electrolyte (Schlenck and Holz, B., 1917, 
262). They combine with carbon dioxide, yielding the alkali 
salts of carboxylic acids. 

Zinc methyl or methide, Zn(CH 3)2 (Frankland, 1849), is 
prepared according to method 1: 

(I) CH,! + Zn - Zn(CH,I); (II) 2Zn(CH,)I - Zn(CH,), -h Znl,. 

The first stage is completed upon warming, and the second 
upon distilling the residting product. The zinc is conveniently 
used in the form of the “ copper-zinc couple and the reaction 
is facilitated by the addition of ethyl acetate, the reason for 
this not being known. Zinc methyl is a colourless, mobile, 

( B 480 ) 6 • 
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strongly refracting liquid of very piercing and repulsive smell. 
B.-pt. 46®; sp. gr. 1*39. It is spontaneously combustible and 
burns with a brilliant reddish -blue flame (the zinc flame), with 
formation of zinc oxide, but may be distilled in an atmosphere 
of carbon dioxide. When the supply of oxygen is limited, 
zinc methoxide, Zn(OCH 3 ) 2 , is formed. It reacts violently 
with water, yielding methane and Zn( 0 H) 2 , and with methyl 
iodide gives ethane. It is employed in the preparation of 
secondary and tertiary alcohols and of ketones. Iodine con- 
verts it into zinc-methyl iodide, ZnCHgl, white plates (see 
above), and methyl iodide; an excess of iodine yields zinc 
iodide and methyl iodide. 

Zinc ethyl, Zn(C 2 H 5)2 b.-pt. 118®, sp. gr. 1*18, closely re- 
sembles zinc methide. 

The mercury compounds, Hgl^Icg and IlgEtg, are produced 
by method of formation 1, also by method 2. They are colour- 
less liquids of peculiar sweetish and unpleasant odour, and 
boil respectively at 95® and 159®. They are permanent in the 
air, but inflammable, and both — especially the methyl com- 
pound — are very poisonous. 

Alnmininm methyl, A1(CH3)3, is spontaneously inflammable 
and decomposes violently with water. B.-pt. 130°. 

Lead tetraethyl is formed according to method 2, with 
separation of lead : 

2PbCb + 2Zn(CH,), -> PMCHg), + Pb f 2ZniX 

or on large scale by the action of ethyl chloride at a high 
temperature on an alloy of sodium and lead: 

4EtCI -f 4Na -I- Pb PbEti 4 4NaCl. 

It is stable in the air and is mixed with petrol (1 in 1000) 
to prevent knocking (pre-ignition) in internal-combustion 
engines. The hydroxide, Pb(CH3)3*OH, forms pointed prisms, 
smells like mustard, and is a strong alkali ; thus, it saponifies 
fats, drives out ammonia from its salts, precipitates metallic 
salts, &c. The compound Pb 2 (C 2 H 5)3 is also known. 

The tin compounds are similar {Ladenburg, Frankland), 

Tin tetramethyl, Sn(CH3)4, Tin tetraethyl, Sn(C2H5)4, Tin 
triethyl, Sn 2 (C 2 H 5 ) 8 , Tin dimethyl, Sn 2 (CH 3 ) 4 , &c,, are of in- 
terest as in^cating the quadrivalence of tin. 
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GRIGNARD REAGENTS® 

For a number of years the zinc alkyl compounds were of 
considerable importance, as they were used for synthesizing 
different types of carbon compounds, more particularly hydro- 
carbons, secondary and tertiary alcohols and ketones, and the 
structural formulse given to products were largely based on 
these syntheses. 

Since 190() the metallic alkyls have been almost completely 
replaced by the mixed organo-magnesium compounds intro- 
duced by Grignard (C, R., 1900, 130 , 1322; 1901, 132 , 558), 
and hence commonly known as Grignard reagents. They 
are of enormous value in Synthetic Chemistry. Analogous 
aluminium compounds, RAICI 2 and RgAlCl, are also used 
(J. Org. 1940, 106). 

The reagents are prepared by dissolving dry magnesium 
ribbon or filings in a dry ethereal solution of an alkyl bromide 
or iodide : 

Mg + CjH^I C,H, Mg I. 

Aromatic compounds in which halogen is attached either 
to the side chain or nucleus react in a similar manner (cf. 
Chap. XIX, B.) and even unsaturated halides can be used in 
proi^ence of a carbonyl compound (B., 1922, 2754, 2770), but 
dihalides are very rarely used. 

For effects of small amounts of impurities cf. J. S. C. I., 
1934, 214T, also J. A. C. S., 1929, 1579. 

In many cases it is not necessary to prepare the actual 
compound ; a mixture of the alkyl or aryl halide and 
magnesium with dry ether is added to the reagent on which 
it is to react (Davies and Kipping^ J. C. S., 1911, 296). 

The Grignard reagent does not exist as such in the ethereal 
solution, but in the form of an additive compound with ether, 
i.e. MgCIIgl, 2 ( 02115 ) 20 . This additive compound can be 
isolated by removing the ether and w^arming the residue under 
reduced pressure at 100 °, and is relatively stable, and can be 
represented by the co-ordinate structure: 



The alkyl magnesium halides are also formed when benzene 

• F. Runge, Organo^magnesiwn Verhindungen (Stuttgart, 1932). 
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is used, but a much higher temperature is required, and a 
trace of ether or of a tertiary amine accelerates the reaction. 

The Grignard reagents react readily with water or with 
alcohols yielding hydrocarbons and a compound R-O-Mgl: 

C,H, OH + CHg Mg l CaHg O Mgl + CH^. 

Based on this reaction, a process has been worked out for 
estimating hydroxy uroiips in carbon compounds (Hihbert and 
Sudborough, J. C. S.,"l904, 933; Zercwetinoff, B., 1907, 2023), 
and consists in measuring the volume of methane evolved. 
In a somewhat similar manner the reaction may be used for 
differentiating primary, secondary, and tertiary amines, as 
the first contains two, the second one, and the last no reactive 
hydrogen atoms in their molecules (Sudborovgk and Uibbert). 
With HgOo a Grignard reagent yields the corresponding alcohol, 
e.g. isobutyl or isoamyl alcohol. 

As synthetic reagents the Grignard compounds may react 
in one of three ways: 

1. With reactive hydrogen atoms, e.g. in -OH, -COOK, 
•NHg, *NHR, : CH, or the hydrogen atom of a reactive methy- 
lene group. The product formed from an alcohol and a Grig- 
nard reagent can, by the action of an alkyl halide, yield an 
ether : 

R CH 3 OH R'CH. OMgl; 

R CHa-OMgT + C^lhlir -> R CH, OCjHj. 

If a primary or secondary amine is used and the product 
treated witli methyl sulphate, the N-methyl derivative of the 
amine is formed. 

2. With the halogen atom of an alkyl halide, halogenated 
ester or an acid chloride. 

(а) CjHj Mg Br + CaH^Br CaHa CsH, -f MgBr,. 

(б) CHaMgBr + BrCHa COaEt -> CHa CHa-COaEt + MgBfj,. 

(c) CaHfi-MgBr -f CH, C0 C1 C,Ha CO CHa + MgBrCl. 

In reaction (a) the hydrocarbon often contains an olefine 
(J. A. C. S., 1918, 833; J. C, S., 1931, 3057). 

As a rule the reaction (c) does not stop at the formation of 
the ketone, but proceeds further as described under 3. 

3. The addition of CHg and Mgl to unsaturated linkings; 
the commonest of these is the addition to the ‘C:0, carbonyl 
group, but can also occur at C:C, C:N, Ac. 
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The syntheseH of alcohols — primary, secondary, and tertiary 
— are based on the addition of the Grignard to a carbonyl group 
and the reaction of the product with water or a dilute acid. 

(o) With formaldehyde H*CH:0, the product is a primary 
alcohol : 

.OMgBr Am 

: O + C,H,MgBr H.,C< -> II^C/ 


(b) Witli other aldehydes the product is a secondary alcohol: 

/OMgBr 

C,H,Cli:0 + C3H7MgBr->C,H,rHr 
/OH 

(c) With a ketone the product is a tertiary alcohol: 

(CI]3),c:0^(CH,)2 

A\ll, 

with the exception of certain aa-substituted ketones when 
secondary alcohols are formed (Annales, 1921, IX, 16, 354). 

Tertiary alcohols are also formed from acid chlorides or 
esters and a Grignard reagent (cf. p. 80), In these reactioiLs 
it is probable that ketones are first formed by the exchange 
of the Cl of the acid chloride or the OEt of the ester for the 
alkyl group of the Grignard reagent. 

It is clear that if dialdehydes, diketones, or esters of dibasic 
acids are used dihydric alcohols (glycols) will be formed. 

In the preparation of an alcohol, especially in the aromatic 
series, it frequently happens that an olefine hydrocarbon is 
formed instead of the alcohol, especially when a high tem- 
perature is used, and is to be attributed to the elimination 
of Br Mg*OH from the additive compound of the ketone or 
aldehyde and Grignard reagent (cf* Chap. XVIII, B.). 

Grignard reagents are extremely useful for preparing the 
alkyl and aryl derivatives of many metals and non-metals, 
(cf. p. 137), by the reaction between the halogen derivatives of 
these and Gngnard compounds. 

)9j8-Dialkyl hydroxylamines N(C 2 H 5)2 0H are formed by 
the action of al%l magnesium bromides on nitro paraffins, on 


/OMgBr /OH 

{cn,)AK 
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esters of nitrous acid, aud even esters of nitric acid (J. C. S., 
1921, 251). 

Grignard compounds react with the ethyl esters of alij)hatio 
gulphonic acids yielding sulphones (p. 100). 

C,H3 C,H,, ,0 

NS<" +RMgRr-> >8 R 
EtO^ ^0 \OMgBr 

O 

-V >8^ + KtOMg-Br. 

IV \) 

The esters of aromatic suIj)hoiiic acid do not react in the 
same manner {Ferns and Lap worthy J. C. S., 1912, 283. 

With dibromo derivatives of saturated hydrocarbons mag- 
nesium can behave in one of two ways, (a) It can remove 
the halogen as magnesium bromide yielding an olefine or even 
a cyclic hydrocarbon, e.g. 1 : 2-dibromoethane yields ethylene 
and 1 : 3-dibromopropane }delds cyclopropane with some propy- 
lene {Grignard), {b) With compounds such as 1 : 4-dibromobu- 
tane, 1 : 5-dibromopentane and 1 : 7-dibromoheptane, a certain 
amount of the dimagnesium compound BrMg(CnH2n)xMgBr is 
formed, but there is no formation of cyclic or uiLsaturated 
hydrocarbons and no mono magnesium compound of the type 
BrMg(CuH2n)xBr can be isolated {Von Braun and Sohecki, B., 
1911, 1918), A tribromo compound of the type CHgBr- 
CHBr*(CH2)n*Cn2Br reacts with magnesium giving an un- 
saturated Grignard reagent, viz. CH3 : CII(CH2)n*CHr, AlgBr 
(B., 1919, 1713). 

The magnesium compounds of the type BrMg-{CH2)n*MgBr 
have been used for preparing cyclic compounds containing mer- 
cury and other elements as part of the ring (Chap. XXXIX). For 
the use of Grignard compounds in preparation of benzene hy- 
drocarbons see Chap. XVIII, A. ; acids, Chap. VI, A., and XXVI, 
formation 5A; ketones, Chap. V, B.; aldehydes, Chap. XXV, B.; 
tertiary alcohols, Chap. XXX; sulphinic acids, Chap. XXIII; 
synthetic terpenes, Chap. LVII, B., II; complex silicon com- 
pounds, Chap. L, B. For a summary of recent work on 
Grignard reagents cf. Hepworth (J. 8. C. I., 1922, T. 7). 

A reaction analogous to the Grignard reaction and of con- 
siderable importance for synthetical purposes is the Reform- 
atsky reaction (cf. Chap. XI, B.), in wliich zinc, an alkyl iodide, 
(the ester of a brominated acid (B., 1887, 1210; 1895, 2838), or 
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even a chloro ester if a little copper powder is added to the 
zinc) react with a ketone. The active reagent is of the type 
Br-Zn-CHg-COgEt, analogous to Grignard reagent, and the 
product is a ^-hydroxy ester, e.g. HO-CMcg-CHa^COgEt. 

The unsaturated compound CHg'AlI from ethylene iodide 
and A1 in the presence of ether forms an additive compound 
with iodine (C. R., 1922, 174, 112). 


V. ALDEHYDES AND KETONES, CJl^^O 

Tlie aldehydes and ketones are substances which are re- 
spectively formed by the oxidation of the primary and secon- 
dary alcohols, the oxidation consisting in the elimination of 
two atoms of hydrogen from each molecule of alcohol. 

The aldehydes are formed from the primary alcohols, and 
are easily converted by further oxidation into the correspond- 
ing acids containing an equal number of carbon atoms, oxygen 
being taken up. They possess in consequence strongly reduc- 
ing properties. 

The ketones result from the oxidation of the secondary 
alcohols, and are more diflScult to oxidize further; they do 
not possess reducing properties. Their oxidation does not 
lead to acids containing an equal number of carbon atoms in 
the molecule, but to others containing a smaller number, the 
carbon chain being broken. 

The lower members of both classes are neutral liquids of 
I)eculiar smell, readily soluble in water and readily volatile, 
only CHgO being gaseous. As the number of carbon atoms 
increases they become less soluble, and their odour becomes 
less marked with rise of boiling-point until the highest mem- 
bers are solid, odourless like paraffin, and only capable of being 
distilled under reduced pressure. 

The aldehydes closely resemble the ketones as regards modes 
of formation and also in many of their properties. 

Both groups of compounds contain the carbonyl :C:0 
group, but in the aldehydes this is always attached to a hy- 
drogen atom, and also to an alkyl group or a second hydrogen, 
e.g. CH3‘C0-H and H-CO H, whereas in a ketone it is attached 
to two alkyl groups, e.g. C 2 H 5 *CO*C 2 H 5 . 
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A. Aldehydes 

The homologous scries of the aldehydes, CnH 2 nO, corre- 
sponds exactly with that of the acids, CnH2n02. They form 
a group of compounds exactly intermediate between the 
primary alcohols and the fatty acids. Each j)rimary alcohol 
by the loss of hydrogen yields an aldehyde, and this by the 
addition of oxygen yields a fatty acid: 

/H OH 

H CH 2 OH -> 1U\ -> H C/ 

- 2H + 0 

yH ,0H, 

CH 3 CH , OH CH 3 CC -> CHs-C/ &c. 

Xo \o 

Their boiling-points are decidedly lower than those of the 
corresponding alcohols, and rise, in the normal aldehydes, 
at first by about 27 for each CH 2 , and later on by a less 
amount. 

Nomencl<iture . — The name aldehyde is derived from «/(cohol), 
dc%d(rogenatus), i.e, an alcohol from which hydrogen has 
been removed. The various aldehydes are named accord- 
ing to the acids to which they give rise on oxidation. For 
example, H-CHO formaldehyde, CHg-CIIO acetaldehyde, &c. 
According to the Geneva Congress, the aldehydes receive 
names ending in aZ, e.g. ethanal for acetaldehyde. 

Modes of Formation, — 1 . By the regulated oxidation of the 
primary alcohols, potassium dichromate or 

manganese dioxide and dilute sulphuric acid, with higher 
alcohols other products, e.g. acids, and especially esters are 
also formed; often slowly by atmospheric oxygen, especially 
in the presence of bone-black or platinum: 

CHj CHj OH -H O =• CH, CH .* 0 + H,0. 

The best method is often the catalytic dehydrogenation of 
the alcohol at 300° (cf. Chap. XLIX, C.). 

2. From the acids of the acetic series, by distilling a mixture 
of their calcium or barium salts with calcium or barium 
formate (Limpricht). The formic acid acts in this instance as 
a reducing agent, producing calcium carbonate, thus: 

CHj COOoa + HCOOca - CH, CHO -f CaCO,. (ca - f Ca.) 
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3. From the di halogen substitution products of the hydro- 
carbons containing the group -CHXg, by superheating with 
water or by boiling with water and PbO: 

CH* CHC1* + H.0 » CH, CHO -f 2Ha. 

4. From Grignard reagents (Chap. IV, II.), and ethyl formate 
or ethyl orthoformate. 

5. An interesting synthesis is from acetylene hydrocarbons 
by the addition of water under the influence of sulphuric acid 
and a mercury salt. 

CH : CH + H,0 -> CH, CH : 0. 


(Cf. Chap. LI, F.) 

6. An aldehyde can also be formed from a nitrile by the 
addition of HCl to yield the compound R*CC1:NH, and this on 
reduction or hydrolysis gives the aldehyde R*CH:0 (J. C. S., 
1925,1874; 1933,39). 

Constitution . — In the oxidation of the primary alcohols, 
R-CHg-OH, to their corresponding acids, R-CO-OH, the 
alkyl radical R remains unaltered. It must consequently also 
remain unchanged in the intermediate products of the oxida- 
tion, viz. the aldehydes, which therefore possess the constitu- 
tion R-CHO; 

CHjCHO CH,COOH. 

Alcohol Aldehyde Acetic acid 


The aldehydes thus contain the group -CHO, either *C*OH 

xO 

or -Cf . The former is improbable, as the aldehydes do not, 

as a rule, give reactions characteristic of compounds containing 
hydroxyl radicals. All their properties point to the presence 
of the :C:0 group. The characteristic grouping of all aide- 

hydcs is thus the group. This is confirmed by the fact 

^0 


.0 


that an acid chloride R* 



on reduction yields a primary 


alcohol and in certain cases an aldehyde can be isolated (Chap. 
VII, B.): 
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Isomers . — Isomerism in the aldehydes is caused solely by 
isomerism in the alkyl radicals R, which are combined with 
the group * 0110 , and therefore contain an atom of carbon less. 
Otherwise the aldehydes — from CgHgO on — are isomeric with 
the ketones, with the oxides of the olefines (acetaldehyde with 
ethylene oxide, C 2 H 4 O), and with the alcohols of the allylic 
series. 

Behaviour . — The aldehydes are distinguished by being 
exceptionally chemically active. 

1. The aldehydes are very readily oxidizable, slowly even 
by the air alone, and quickly by chromic acid, salts of the 
noble metals, <fec. They consequently reduce an aminoniacal 
solution of silver and often one of copper; this reaction is 
characteristic and is especially delicate in the presence of 
caustic-soda solution. (Formation of silver mirror.) 

The catalytic oxidation of acetaldehyde to acetic acid both 
in the gaseous phase at 150-200® and in the liquid phase at 0 ® 
with ferric oxide is used technically. 

2. The aldehydes are easily reduced by nascent hydrogen, 
e.g. sodium amalgam and dilute acid or zinc dust and glacial 
acetic acid, or best by Al(OEt )3 (cf. Ketones), to the primary 
alcohols from which they are derived by oxidation, e.g. : 

CH3 CIIO -} 2 li - CHa-CHj OH. 

A glycol is formed as a by-product, e.g. butylene glycol, 
CH 3 'CH( 0 H)-CH( 0 H)-CH 3 from CHa-CIIrO. 

3. Phosphorus pentfxchloride and trichloride convert- the 
aldehydes into ethylidene chloride and analogous dichloro- 
substitution products of the hydrocarbons; 

CH3 CHO CHs CHCl*. 

4. Additive reactions. According to Perkin (J. C. S., 1887, 
808), a solution of acetaldehyde in water contains a certain 
amount of the hydrate, CH 3 *CH(OH) 2 . (Cf. Chloral hydrate.) 
This compound is extremely unstable, and has never been iso- 
lated in a pure form. In those reactions in which it might be 
formed, its anhydride (acetaldehyde) is invariably produced, 
e.g. CII 3 -CHC 12 with alkali yields CH 3 -CH :0 as final product, 
and not CH 3 *CH( 0 H) 2 , although this is probably formed as 
an intermediate. 

It follows that a compound vnih two hydroxyl groups attached 
to the same carbon atom is usually unstable and tends to lose a 
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molecule of water yielding an aldehyde or ketone. In par- 
ticular cases only can compounds with two such hydroxyl 
groups exist (see Chloral). 

If, in place of water, NaHSOa, NHg, HCN, &c., be employed, 
direct addition to the aldehydes is readily observed, and in 
all these reactions it is concluded that the addition occurs at 
the expense of the doubly-united oxygen atom. A hydrogen 
atom of the substance in question attaches itself to the oxygen 
of the aldehyde, with formation of a hydroxyl group, while 
the residual X (e.g. CN), which was originally bound to the 
afore-mentioned H atom, becomes attached to the carbon: 

/OH 

CH, CH : 0 HX =» CH, CH< 

Cf. additive reactions of the olefines (p. 46). 

The most important additive reactions are: 

{a) Combination with water, which w^ould lead to a dihydric 
alcohol, does not as a rule take ])lace, for the reasons already 
given. Should the alkyl radical of the aldehyde, however, 
contain several negative atoms, e.g. Cl, then the hydrates are 
capable of existence, for instance chloral hydrate: 

CCI3 CHO 4 - H3O » CCl3 CH(OH),. 

But even in these cases the tendency for water to separate 
is too great to allow of such hydrates behaving as dihydric 
alcohols ; they react rather, for the most part, exactly like the 
aldehydes themselves. (Cf. Pyroracemic and Mesoxalic acids.) 

(6) Occasionally, compounds with alcohol or acetic acid, e.g. 
R-CH(OEt)(OH), or R-CH(OH)(OAc), are met with. They 
are, however, extremely unstable. When the aldehyde is 
heated with (a) an alcohol with a little sulphuric acid or am- 
monium chloride (J. C. S., 1922, 79), or (6) acetic anhydride, 
stable ethers or esters of the hypothetical glycols are obtained : 

(a) CH3 CHO + 2C,H3 0H - CH8 CH(OCaH5)3 + H3O. 

(b) CH3 CHO + (C,Hs0)30 * CH3-CH(0C3H,0,),. 

The compounds obtained from alcohols, the so-called 
“ acetals ” (see p. 152), are also formed by the partial oxidation 
of primary alcohols, and are hydrolysed by sulphuric acid. 

Corresponding with the acetals are the mercaptals formed 
by heating an aldehyde with a mercaptan, e.g.: 

CH,CH(SEt),. 
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(c) Tlie aldehydes combine with sodium hydrogen sulphite, 
NaHS 03 , crystalline compounds, readily soluble in water 

but sparingly in alcohol, e.g. C 2 II 4 O, NaHSOa, IHgO. These 
are to be regarded as sulphite derivatives of the ethylidene 
glycols, for instance, CH 3 -CH( 0 H)(* 0 -S 02 Na). (B,; 1928, 

179.) They are almost invariably decomposed when heated 
with alkalis or acids and regenerate the aldehydes, and are of 
importance for the separation of aldehydes from mixtures. 

{d) The aldehydes combine with ammonia to aldehyde- 
ammonias, e.g. aldehyde-ammonia, (CHg-CHO, NH 3 ) 3 .* These 
are crystalline compounds, for the most part readily soluble in 
water, sparingly in alcohol, and insoluble in ether. Like the 
bisulphite compounds, they are advantageously used for the 
purification of aldehydes, as they readily yield the aldehydes 
when warmed with dilute acid. (See p. 151.) 

{e) The aldehydes combine with hydrocyanic acid to form 
nitriles of higher acids; thus acetaldehyde yields the com- 
.OH 

pound CH 3 *CH<f , ethylidene cyanhydrin. This reaction 
^CN 

is largely made use of in the preparation of certain hydroxy 
acids, as the cyanhydrins, when hvdrolysed, yield hydroxy 

mi 

acids, e.g. CH 3 -CH<^ , lactic acid. 

^COOTl 

The action is accelerated l>y the presence of an alkali or of 
a metallic cyanide, i.e. of the CN ion (cf. W. J. Jones, J. C. 8 ., 
1914, 1560). 

(/) An interesting additive reaction is that between an 
aldehyde and a Grignard compound (p. 141). Thus acetal- 

CE, 

dehyde and magnesium ethyl iodide yield yCH-OMgl, 

C*H/ 

. 

and this with water gives methyl-ethyl-carbinol, ^H*OH. 

C^h/ 

5. The aldehydes show great tendency to polymerize. (See 
pp. 6 and 48.) In the case of formaldehyde this poly- 
merization occurs spontaneously at the ordinary temperature. 
Acetaldehyde is polymerized upon the addition of small quan- 

♦ According to Aschan (B., 1916, 874), ha.s rnl.-pt. 96-99®, and ii 
OH CHM« NH,(OH) CHMc NH,(OH) CHMe NH„ 
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titles of hydrochloric, sulphuric, or sulphurous acid, zinc 
chloride, carbonyl chloride, <&rc., to para-aldehyde, C^HjgOg, 
= (C2H40)8, at the ordinary temperature, and to meta-alde- 
hyde, (021140)3, at 0"^. 

Another type of polymerization is the aldol condensation 
(see below and 151). 

6. Aldehyde and several of its homologues, when heated 
with caustic-soda solution, arc transformed into a reddish- 
brown resin termed aldehyde-resin, a product insoluble in water 
but soluble in alcohol, and possessing a peculiar odour. Many 
aldehydes are transformed by alkalis into a mixture of equiva- 
lent amounts of alcohol and acid, the Cannizaro reaction (1853), 
or dismutation of aldehydes, a reaction given by most alde- 
hydes which do not polymerize to aldols. 

2 R COH + H *0 » K GH,OH + H 

When Al(OEt)3 is used in place of an alkali the product is 
usually the ester R-C0*0*CH2R and not the alcohol and acid. 

7. The aldehydes show a great tendency to form condensation 
products with aldehydes, ketones, acids, &c. (See Croton- 
aldehyde, Cinnamic acid, &c.) 

(а) CH 3 CHO + CH 3 CHO - CHg CHICH CHO -f 

(б) 0113-00 0113 + R OHO - OHaCO-CHICHH -f HjO. 

(c) CH3 CO3H f R OHO » R CHrCH COgH ^ U.O. 

It is probable that in all these condensations direct addition 
first occurs; for example, in (a) aldol, CH3*CH(OH)‘CH2’CHO, 
is first formed, and then by the loss of water forms croton- 
aldehyde, CH3*CH:CH-CH0. (See p. 154.) 

8. With hydroxy larnine the aldehydes yield the so-called 
Aldoximes, water being eliminated (V. Meyer, B., 1882, 2778; 
1890, 2769). 

CH,CH;i^7HV:NOH - CH,CH IN-OH + H,0. 


9. The aldehydes react with hydrazines to form the so- 
called Hs^drazones, water being eliminated. Phenylhydrazine 
is the reagent usually employed, but substituted compounds 
such as p-nitro- and 2 : 4-dinitro-phenylhydrazine are also 
used. 

CH,-CHl0 T liViN-NHOeHj - CH 3 CH IN-NH-O.H., + H.O. 

** Aidehydc-phcnyl-hydratonc 
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Most of the phenylhydrazones are somewhat sparingly 
soluble in alcohol, crystallize very readily, and are made use 
of in identifying different aldehydes. On reduction they 
yield primary amines: 

CHa'CHIN NH CeHs + 4H » CHj CHaNHa + NHa CeHj. 

]0. Moist chlorine and bromine act upon the aldehydes as 
substituents; thus, from acetaldehyde chloral is obtained: 

CHa-CHO f 3C1, ■= CCl, CHO + 3HC1. 

11. Sulphuretted hydrogen converts the aldehydes into thio- 
aldehydes. These are compounds of unpleasant aromatic 
odour, which show the same peculiarities of polymerization as 
the aldehydes {Klinger). (Cf. E. Baumanny B., 1890, 60; 
1892, 1419, 3591). 

Reactions 8 and 9 may also be regarded as condensations. 
It is possible that in all these reactions direct addition first 
occurs, and that water is subsequently eliminated. 

Tests for aldehydes : 

(1) Behaviour with ammoniacal silver-nitrate solution 
(p. 146, and also B., 1882, 1629). 

(2) Behaviour with alkaline bisulphites (p. 148). 

(3) Behaviour with phenyl-hydrazine and hydroxylamine 
(see above), 

(4) Aldehydes colour a solution of magenta which has been 
decolorized by sulphurous acid (Schiff's reagent) an intense 
violet-red; some ketones and chloral, but not chloral hydrate, 
produce the same effect. 

Formaldeliyde, Methanol, H*CH:0, may be regarded as the 
oxide of the divalent methylene radical, CHg:. An aqueous 
solution containing methanal is obtained by passing the 
vapour of methyl alcohol with air over heated copper or 
platinized asbestos. Formalin is the commercial 40 per cent 
solution obtained by using copper. It is also a product of the 
action of ozone or of oxygen on methane (B., 1912, 3515; 
J, S. C. I., 1922, 303T). It can be condensed to a volatile 
liquid boiling at —21°. It is largely used as an antiseptic and 
disinfectant, for hardening organic tissues and gelatin, also for 
condensing with phenols to yield the product known as Bake- 
lite, and is also used as a methylating agent. 

Its chief polymeric forms are : 

(1) Para-formaldehyde, probably (CH20)5t, a white mass, 
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m.-pt. 160®, soluble in water; on heating it yields formaldehyde 
and is used for fumigating rooms in cases of infectious diseases; 
(2) trioxy-methylene, probably (CH20)3, a crystalline com- 
pound obtained by cooling the gas to below — 20®, is insoluble 
in water, melts at 171® and probably has a cyclic structure; 
it yields formaldehyde when volatilized. (3) Formose (Chap. 
XIV, A.), a mixture of several compounds of the nature of 
glucose. On account of this facility for undergoing polymeriza- 
tion, formaldehyde in all probability plays an important part 
in assimilation by plants. 

It does not form an additive compound with ammonia, but 
condenses to the complex compound CeHj2N4, hexamethy- 
lenearnine, known commercially as hexamine or urotropine 
and used as a urinary disinfectant. It is also used for esti- 
mating ammonium salts. 

Formaldehyde reacts with sodium hyposulphite NaSOg, 
yielding formaldehyde bisulphite (I) and formaldehyde sul- 
phoxylate (II) (rongalite), a valuable reducing agent used in 
dye works: 

2H-CH : 0 + (NaSOd, -f H,0 OH CHs O SO*Na + OH CH, SO,Na. 

I II 

By its combination with hydrochloric acid, chloro-methyl 
alcohol (cMoro-7nethanol), Cll2Cl(OII), and hydroxy-chloro- 
methyl ether {chloroniethane-oxy -methanol), CHgCbO-CHgOH, 
are formed. Both of these are colourless liquids, which react 
in many respects like formaldehyde itself. 

Methylal, 0112(00113)2, (see Acetals, p. 147), is frequently 
made use of, instead of formaldehyde, for carrying out conden- 
sation reactions. It is employed in medicine as a soporific, 
and is also used as an extractive for certain scents. B.-pt. 42®. 

Acetaldehyde, Eihanal, Aldehyde, OHj-OHO, w^as formerly 
termed “ acetyl hydride CgHaO*!! (Fourcroy and Vanqiielin, 
1890; composition established by Liebig in 1835). It is pre- 
pared by passing ammonia gas into an ethereal solution of the 
crude aldehyde, obtained by oxidizing alcohol with K20r207 
-f HgSO^ and drying over CaClj, washing the precipitated 
aldehyde-ammonia with ether, and finally distilling it with 
dilute sulphuric acid. It is obtained in large quantity as a by- 
product in the first portions of the distillate “ First Runnings ” 
in the manufacture of spirit. For its production in place of 
vinyl alcohol, CHjiCH-OH, from acetylene, see pp. 54 and 91. 

It is produced commercially (a) by the addition of water to 
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acetylene under the influence of mercury and its salts (p. 54 
and Chap. LI, F.); (b) by dehydrogenation of alcohol vapour 
by passing over heated copper at 280°, after each passage 
about 20-25 per cent of the alcohol is dehydrogenated; (c) by 
)xidizing alcohol vapour with atmospheric oxygen and a silver 
catalyst. As the reaction is endothermic no cooling is required 
find the yield is good. 

It is a colourless mobile liquid, boils at 21°, and has sp. gr. 
about 0*8. Its odour is aromatic and suffocating, and pro- 
duces a kind of cramp in the chest when inhaled. It burns 
with a luminous flame, dissolves sulphur, phosphorus, and 
iodine, and is readily soluble in water, alcohol, and ether. 

Para-aldehyde, C^jlI^gOa, is a liquid sparingly soluble in 
water. It melts at 10°, and boils at 124°, i.e. more than 100° 
above aldehyde, and is used as a soporific. 

Meta-aldehyde, (ColTjOlx, crystallizes in white prisms in- 
soluble in water, and sublimes at a little over 1CK)°, but is 
partially reconverted into aldehyde. It is inflammable and 
used as a solid fuel (mctol). 

Meta-aldehyde is changed back again into ordinary alde- 
hyde by prolonged heating to 115° in sealed tubes, and also, 
as is the case with para-aldehyde, by distillation with some- 
what dilute sulphuric acid. Para-aldeliyde reacts in the same 
way as ordinary aldehyde with POI5, but not with NH3, 
NaHSOg, AgN03, and Is^^FdgOlL This constitution of para- 
aldehyde may be represented as: 

/OCHMov 

{KehuU and Zincke)* 

^OCHMe^ 

A study of these and other polymeric compounds shows that 
with substances of similar structure the one of simpler com- 
position is the more soluble, possesses the lower melting-point, 
and is the more easily vaporized. 

Acetal, CH3*CH(0C2H5)2, Ixiils at 104°. It is uisually ob- 
tained by the partial oxidation of ethyl alcohol with man- 
ganese dioxide and sulphuric acid, the acetaldehyde first 
formed condensing with the alcohol with the production of 
acetal. This, as well as methylal, is frequently used instead 
of aldehyde for the carrying out of condensation reactions (see 
p. 149), and like para-aldehyde is used as a diluent in the nitro- 
cellulose industry. 
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Propaldehyde, CgHg-CHO, is present in wood-tar. n-Butalde- 
hyde is a commercial product used in the rubber industry and 
can be obtained by the catalytic hydrogenation of croton- 
aldehyde or passing n-butyl alcohol vapour over heated CuO, 
b.-])t. 73°. n-heptaldehyde (cenanthal), C7H14O, is obtained 
by the dry distillation of castor-oil under diminished pressure. 

Chloral, 2-trichloro-eth<anal, CClj-CHO, is a liquid which 
boils at 98°, and which — when impure — easily changes into 
a solid polymeric modification, meta-chloral, but is regenerated 
from this upon heating. It combines readily with water to 
chloral hydrate, CCl 3 -CTI(OIT )2 (see p. 147, a), and with 
alcohol to chloral alcoholate, CCl3-CH(01I){0C2ll5), and tri- 
chloro-acetal, C(y%‘CIl(0‘(-2H5)2- The end product of the 
action of chlorine upon alcohol consists chiefly of the last three 
substances. They are all colourless crystalline compounds, 
which are converted into chloral by distilling with sulphuric 
acid, and rectifying over lime. 

Chloral is an oily liquid with a sharp, characteristic odour. 
It combines with sodium bisulphite, ammonia, hydrocyanic 
acid, and acetic anhydride, and reduces an aramoniacal solution 
of silver oxide. It is readily oxidized to trichloracetic acid, 
and decomposed by alkali into cliloroform and an alkali for- 
mate (cf. p. 68) . 

For properties of aldehy^des and their derivatives, cf. Harries^ 
C. Z., 1916, ii, 991. 

Chloral hydrate, CCl3-CH(0H)2, forms large colourless 
crystals readily soluble in water, melting at 57°, and boiling 
with dissociation at 97°. It acts as a soporific and antiseptic. 
Sulphuric acid converts it into chloral. 

UNSATURATED ALDEHYDES 

Acrolein, Acr-aldehyde, propenal, CIT 2 : CH-CHO, is formed by 
the oxidation of allyl alcohol, by the distillation of fats, and 
by heating glycerol with anhydrous magnesium sulphate (B., 
1912, 204). It is a liquid boiling at 52°, of pungent odour 
(the smell of burning fat being due to it), and of violent action 
upon the mucous membrane of the eyes. It unites in itself 
the properties of an aldehyde and of an unsaturated carbon 
compound, and therefore combines with ammonia and with 
bromine; it also unites with hydrogen bromide to bromo- 
profylaldehyde, CHjBr-CH^’CHO. 
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When distilled, acrolein-ammonia yields picoline, C^H^N 
(see Pyridine bases); and crotonaldehyde-ammonia, by an 
analogous reaction, collidine, CgHjjN. 

Acrolein can combine with two atoms of bromine to acrolein 
dibromide (dibromo])rop-aldehyde), CH 2 Br‘CHBr'( 'JIO, a 
compound which is of importance in the synthesis of the 
sugars. (See Synthesis of Hexoses. Chap. XIV, A.) 

Croton-aldehyde, CH 3 *CH:CH-CHO. When acetaldehyde 
is left for some time in contact with dilute hydrochloric acid 
or sodium hydroxide, polymerization occurs, and a substance 
termed aldol, /S- or 3-hydroxy-butyraldehyde, is obtained, 
CH3*CH(0H)*CH2*CH0. The constitution of aldol follows 
from its properties. It cannot be readily converted back into 
acetaldehyde, and in this respect differs from the other poly- 
meric forms, viz. meta- and para-aldehyde. This difference is 
due to the fact that in the aldol condensation the union of the 
molecules has been brought about between carbon atoms, and 
hence the relative stability. Aldol when distilled or in pre- 
sence of dehydrating agents yields croton-aldehyde, water 
being eliminated. 

CH3 CH(OH) CHa CHO - CH3 CH .* CH CHO -f- H,0. 

Aldol is an important intermediate in the manufacture of 
li-butyl alcohol from acetaldehyde. The polymerization to 
aldol is accomplished by alkaline catalysts (I per cent NagC^O,^), 
and must be carried out in a non-oxidizing atmosphere and 
with careful temperature control as the reaction is exothermic 
and may become explosive. The dehydration of the aldol to 
crotonaldehyde requires careful regulation of in order to 
avoid formation of resins and the crotonaldehyde is immediately 
removed by excess steam. The last stage viz. the reduction 
of crotonaldehyde to n-butyl alcohol is by hydrogenation in 
either liquid or vapour phase with a nickel catalyst. 

The last two stages may be combined by hydrogenating the 
aldol with a nickel chromite catalyst under pressure. Ee- 
duction to 1 : 3-butyIene glycol, OH-CH 2 -CH 2 'CH(OH)-CH 3 , 
may occur but this becomes dehydrated to crotonyl alcohol, 
OH-CHg’CHrCH-CIIg, which yields n-butyl alcohol. 

The aldol condensation is characteristic of aldehydes with 
the grouping R-CH 2 *CH 0 

2R'CH, CH : 0 -> R*CH, CH(OH) CHR CH : 0 
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the ])roduct being a j8-hydroxyaIdehydc. The U8ual condensing 
agents are K2CO3, KCN, NaO-Ac, dil NaOH. If ZnCI^ is used 
the ])roduct is usually the unsaturated aldehyde corresponding 
with crotonaldehyde. The two aldehyde molecules may be 
different, e.g. benzaldehyde and phenylacetaldehyde : 

: 0 + C,H,‘CKyCH .* O -> CeH. CH .* CHCCgHJ CH .* 0. 

Similarly, certain ketones can react with an aldehyde 
R-CTTg'CIlC), giving a hydroxyketone or by loss of water an 
unsaturated ketone 

R-CH, CH:0 + Clla-CO ir -> R CH*CH(OH) CH,-CO R' 

R CHa-CHrCH CO R'. 

(Morgan and Hardy, C. I., 1933, 518.) 


B, Ketones 

The lowest member of the series, Acetone, contains three 
atoms of carbon. The higher members, from on, are solid. 
They are all lighter than water; e.g. the sp. gr. of acetone is 
0-81 at if. 

Occurrence . — Acetone is present in urine, methyl-nonyl 
ketone in oil of rue, and also with homologues in cocoanut oil. 

Modes of Formation. — 1. By the oxidation of secondary 
alcohols; just as in the conversion of a primary alcohol to 
an aldehyde, this oxidation consists in the withdrawal of 
two hydrogen atoms from each molecule of the alcohol: 

CH,'CH{0II) CH8 -f 0 » CHj CO'CH, t HjO 
Isopropyl alcohol Acetone 

Many primary and secondary alcohols are decomposed into 
hydrogen and aldehyde (or ketone) when heated in contact 
with a catalyst (see Chap. XLIX, C.). 

2. By the dry distillation of the calcium or barium salts 
of fatty acids at about 400"^: 

CHg-COO. 

* , >Ca » CaCO, 4- CHj CO CH,. 

CHaCOlCK 

Some of the ketones of high molecular weight may be ob- 
tained by heating fatty acids with phosphorus pentoxide 
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{Ki])pi.ny)y or oven heating the acids at 295^^ for tliree hours: 
^ ” K CO R ^ CO, + H,0. 


Wiieii a mixture of two calcium salts is taken a mixed 
ketone is formed; thus calcium acetate and calcium })r()])ioDate 
yield methyl ethyl ketone. As a rule, in addition to the mixed 
ketone, the two simple ketones, e.g. (CH 3 ) 2 CO and (C 2 H 5 ) 2 CO, 
are also formed. 

A modification of this method is to pass the vapour of the 
acid over heated carbonate of calcium, barium, or mamrauese 
(cf. Chap. XLIX, F.). 

3. From dichlorides containing the group C-CCIa-C: 

(CH3)2CCl2 -f H^O - (CHabCO -f 2HC1. 

Acetone chloride Acetone 


It is probable that the chlorine atoms are first replaced 
by hydroxyls, yielding tlie glycol, CMe 2 (OII) 2 , which imme- 
diately eliminates Ilgl), yielcling the ketone, CiMe 20 . 

4. By methylating an aldehyde with diazo-methane, CII 2 N 2 

RCII 

(B., 1907, 479; 1909, 2561), but a compound ^0 is 

Cll/ 


also formed (B., 1928, 1110). 

5. By the action of zinc alkyl upon an acid chloride, e.g. 
acetyl chloride, CHg-COCI. yOZuCHg 

An additive compound is first formed, (Ulg , 

Nji ' 


which must be quickly decomposed by water, otherwise ter- 
tiary alcohols are produced : 


/O'ZnCHaJ)!!; 

CH 3 CO CH 3 + HCl -f CHs-Zn OIL 

\|cT” " "m 


This method of formation, which was devised by Freund in 
1861, allows of the preparation of any possible ketone by using 
the requisite zinc alkyl and acid chloride. 

An analogous reaction is that of an acid chloride witJi a 
Grignard reagent: 

RC^ + BrMgR' -► RCO-R' + MgBrOL 
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Ketones have been synthesized by the action of organo* 
magnesium compounds on nitriles or acid amides, e.g.: 

R 

R C: N + I-Mg-R' « 

R' 

R . yOMgX 

R-CO NIl^ f 21 Mg R' - + RTI, 

R'/ XNHMgX 

and these with w\'iter yield II-CO-K'. (Blaise, C., 1901, 132, 
38. 133, 299; Bnll, Roc. Bel, 1922, 184. 231.) 

Methods 2 and 5 elucidate tlie constitution of the ketones 
from the constitution of the corresponding acids. Conclusions 
regarding constitution based on the former method (No. 2) 
must be accejjted with a considerable amount of reserve 
unless sxipjmrtod by other arguments, since in reactions which 
occur at high temperatures intramolecular rearrangements 
can readily occur. Theoretically, therefore, ketones are com- 
pounds which contain the carbonyl group, CO, linked on both 
sides with an all^yl radical, R*CO'R. If the alcohol radicals 
are the same, “simple” ketones result; and if different, 
“ mixed ” ketones. A compound with less than 3 C atoms is 
thus impossible, 

6. From the ketonic acids or their esters, e.g. acetoacetic 
ester, CHg-CO'CHa’OO-OOjH^, by warming with moderately 
dilute sulphuric a(ud or with dilute alkalis. This important re- 
action wull be treated of at greater length under acetoacetic 
ester (Chap. IX, H.), 

7. Bv the addition of water to homologues of acetylene, 
CHg'CfCH + 140 - CHa-CO CHg. This reaction occurs at 
relatively high temperatures, or may be brought about in- 
directly by the aid of sulphuric acid, or solutions of mercuric 
salts (cf. Acetylenes, Chap. I, C., and LI, F.). 

8. Some of the higher ketones can be synthesized from a 
simpler ketone and an alcohol by passing the vapour diluted 
with Ng over a suitable catalyst, e.g. aluminium-copper oxide 
activated by Mo or Ag at 230^ and 30 atm., e.g. acetone and 
n-butyl alcohol yield methyl amyl ketone. 

Isomers . — The ketones exhibit (a) metamerism, i.e. isomerism 
within the alkyl group; cf. n-propyl and t^o-propyl ketones. 
(6) Position isomerism due to the position of the CO group; 
of. methyl propyl ketone and diethyl ketone, (c) Isomerism 


^:NMgT, 
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with the aldehydes; cf. propaldehyde and acetone, (d) Satu- 
ration isomerism, cf. acetone and allyl alcohol: CHa-CO-CHg 
and CH2:CH*CH2-0H. 

Nomenclature , — The usual name is formed by adding the 
suffix ketone to the name of the alkyl groups present; e.g. 

diethyl ketone; ClivCOCgH,, methyl ethyl 
ketone, &c. The names of the simple ketones are also derived 
from the acids which yield them, e.g. “ Valerone ’’ (04110)200, 
from valeric acid. 

The systematic names of the ketones are formed by taking 
the name for the corresponding hydrocarbon, adding the 
syllable one to indicate the 0 replacing 2H, and then a number 
to indicate the position of the 0 atom, e.g. OIIg'OO'OHg'OHa, 

bntan-2-one, &c. 

Behaviour. — 1. Eeagents which give rise to nascent hydrogen 
reduce the ketones to secondary alcohols; (0113)200 -f 211 = 
(CH3)2CH-0H. Small amounts of pinacones (Ohap. VIII, A.) 
are formed at the same time. The usual reducing agents are 
sodium or sodium amalgam and alcohol or sodium and moLst 
ether or, best, aluminium ethoxide, Al(0Et)3. The method is of 
general application and can be used for aldehydes, imsaturated 
aldehydes, ketones and halogenated ketones. A similar re- 
duction occurs when the ketone is heated with hydrazine at 
200'^ (B., 1911, 2206). 

Drastic reducing agents, such as amalgamated zinc and 
concentrated hydrochloric acid, reduce both aldehydes and 
ketones to the saturated hydrocarbons (Clemmensen, B., 1913, 
1837; 1914, 51, 681), a reaction of considerable importance 
and of general application. 

2, Oxidizing agents, e.g. KgCrgO;, and dilute H2SO4, pro- 
duce a scission of the chain and a mixture of acids and ketones 
with a smaller number of carbon atoms in the molecule; 
cf. Aldehydes, p. 145. 

CH 3 CO CH 3 + 40 » CHg COOH + CO* + H*0. 

Oxidation analogous to that of the aldehydes is clearly 
impossible. Oxidation to a ketonic acid is theoretically pos- 
sible with certain ketones, e.g. R^CO-CHg E-CO-COgH, 
but occurs only rareljr. The scission of the molecule occurs in 
such a manner that m a mixed ketone the CO group remains 
attached to the smaller alkyl group. Thus CH3‘CO*C3H7 on 
eaddation yields mainly acetic CH3-C02H and propionic 
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C2H5*C02lI acids; but at the same time a small amount is 
oxidized to a mixture of carbonic and butyric acids. 

The ketones do not possess reducing properties. 

3. Phosphorus pentachloride, PCI5, converts the ketones 
into the corresponding dichlorides, acetone, for instance, into 
acetone chloride, (0113)20012. 

4. Additive reactions, (a) The ketones do not as a rule combine 
with water and alcohol, for the reasons given under the aldehydes. 

(6) With ammonia they yield complex condensation pro- 
ducts, e.g. di-acetone-amine, Oglli^NO, tri-acetone-amine, 
Ogllj^NO (Heintz ) ; this reaction is more complicated than that 
with the aldehydes, 2 or 3 molecules of acetone combining 
with 1 molecule of ammonia, with elimination of water. 

(c) The ketones which contain the group CHa-CO*, and 

a few other relatively sim[)le ketones, combine wuth sodium 
hydrogen sulphite to crystalline compounds, e.g. acetone to 
( 'Me2(0H)*0*S(32Na, w^hich yields the ketone when dis- 

tilled with sodium-carbonate solution. This very important 
reaction is made use of in separating and purifying the ketones. 
Steuxirt has (J. C. S., 1905, 185) studied the comparative rates 
at which some of these compounds are formed. 

(d) With hydrocyanic acid they yield hydroxy-nitriles, as 
in the case of the aldehydes; e.g. CMe(011)CN. 

For acetone cyanhydrin, see Clerns, J. C. S., 1928, 2629, and 
for general preparation Vltea, Eec., 1909, 248, 257. By using 
ammonium cyanide an amino-nitrile is formed, RR'C(NH2)0N, 
wliich are of value as they yield amino-acids on hydrolysis. 

(e) Ketones readily form additive compounds with Grignard's 
reagents, and when decomposed with water these yield tertiary 
alcohols (see p. 80): 

Me^CO 4- MoMgl » Me.C O-Mgl, 

MoaC O'Mgl 4 H OH » Me,C OH 4 OH Mg l. 

5. The ketones, unlike the aldehydes, do not yield poly- 
mers, but like formalin form condensation products. Just 
as aldehyde is converted into crotonaldehyde, so is acetone, 
by the action of many reagents — e.g. CaO, KOH, HCl, and 
H2SO4 — converted, with elimination of water, into mesityl 
oxide, CgHioO, phorone, C2H14O, or mesitylene, Cgll^g, accord- 
ing to the conditions (see these substances): 

2 C 4 H 4 O - C 4 H 10 O 4 - H,0. 3C.H/) - C,Ili 40 4- 2H»0. 

3C,H40 » CtH„ 4- 3HjO. 
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Analogous condeaaations also ensue with other ketones or 
aldehydes under the influence of dilute sodium ethoxide. 

6. Ketones like aldehydes form acetals CMe2(OEt)2. 

7. Sulphuretted hydrogen converts the ketones into thio~ 
compounds, e.g. acetone into tliio-acetone, CHg-CS-ClIa (B., 
1883, 13G8), or their polymers. 

8. Halogens give rise to substitution products. 

9. Like the aldehydes, the ketones — even C35 — react with 
hydroxylamine, yielding oximes, which arc termed Ketoximes 
{V. Meyer, B., 1882, 1324, 2778; 1883, 823, 1784, kc.): 

(CH3)20r6“T 'H2;N OiI » HjO + (CH3)3C:N ()H (aeetoxime). 

10. They react in an analogous manner with phenvi-hvdra- 
zine, CeH5-NlI-NH2 {E. Fischer, B., 1884, 572), with the for- 
mation of phenyl-hydrazones (p. 149). 

(CHalaCjO^rHajN-NH'CeHs » I N + H^O, 

Acetone-phenyl-hydra/onc 

and wdth seinicarbazide, NIl2*CO-Nll*NH2, or its hydrochloride 
yielding semicarbazones, e.g. ( 0113)20 rN-NII CO-NlIa, which 
crystallize well and have deftnitc melting-points. Acetal-* 
dehyde-semicarbazone melts at 162'', and acetone-semicar- 
bazone at 189''. The three reagents, hydroxylamine, 
phenyl -hydrazine, and scmicarbazide, are extremely useful in 
detecting and identifying aldehydes and ketones. 

11. Nitrous acid {ethyl nitrite and sodium ethoxide) gives 
rise to iso-nitroso-*ke tones, e.g. iso-nitroso-acetone, Cllg^CO* 
OH : N*OH, by replacement of H2by the group : N-OH (oxiniino). 
When hydrolysed, the :N-OH group is replaced by oxygen, 
and diketones or aldehydo-ketones are formed, 

12. Tertiary ketones, CMea-CO-CMcg or Ph-CO-CMca, under- 
go fission wdth sodamide; the former gives triinethylmethane 
CHMej and CMeg'CO-NHg and the latter benzene and the 
same amide (C. R., 1909, 148, 127; 149, 5). 

13. A useful reagent for isolating ketones and separating 
them from aldehydes is trimcthylamino - acetohydrazide 
(betainehydrazide), as, although it forms condensation products 
with both aldehydes and ketones, those from the former are 
stable towards mineral acids; those derived fi'om ketones are 
readily hydrolysed. 

Acetone, 2-Propanone, CH3*CO CIl3. The formula was 
established by Liebig and Dumas in 1832. It is present in 
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very small quantity in normal urine, in the blood, in serum, 
&c., but in much larger quantity in pathological cases such as 
acetonuria and diabetes mellitus. It is a product of decom- 
position of cellulose, and is found in wood spirit. It is usually 
manufactured (a) from calcium acetate made from pyroligneous 
acid (p. 175); (6) by the fermentation of starch, e.g. maize, by a 
particular species of bacterium, which yields n>butyl alcohol 
and acetone (J. S. C. I., 1919, 273T: cf. Chap. LXIX, B.). 
(c) by catalytic oxidation of isopropyl alcohol from the propene 
of natural or cracked gases. Yield 75 per cent, using ZnO at 
320"^ or Cu at 475-500'^; {d) by passing alcohol vapour and 
steam over rusty iron at 500°: 

2CHa CH, OH + H»0 -> CHg CO CH* + CO, + 4H,. 

Even better yields are obtained by using a mixture of alcohol, 
steam and acetylene. 

It is a liquid of peculiar pungent odour; boils at 57*5°, and 
has sp. gr. 0*81 at 0°. It is soluble in water, but may be salted 
out from its aqueous solution, and it is also miscible with 
alcohol and ether. KMn 04 not oxidize it in the cold, but 
CrOg converts it into acetic and carbonic acids. 

It forms a well-defined compound, Nal, 3C3HgO, which 
can be used for purifying it on the laboratory scale (J. C. S., 
1913, 1255). With sodium or sodamide it forms the derivative 
CHg-CfONa) : CHj, and the higher ketones can be obtained by 
the action of sodamide and alkyl iodides on acetone or other 
ketones; thus diethyl ketone, sodamide, and methyl-iodide 
yield di-isopropyl ketone, CHMeg-CO-CHMea (Ann. Chim., 
1913 [viii], 29 , 213). Acetone may be detected by the for- 
mation of indigo when its solution in sodium hydroxide is 
warmed with o-nitro-benzaldehyde. 

Sulphonal, CMe2{S02Et)2, is formed when a mixture of 
acetone and mercaptan is treated with hydrochloric acid, 
and the mercaptal, (CH 3 ) 2 C(SCgH 5 ) 2 , which is thus formed, 
is oxidized by potassium permanganate to the corresponding 
sulphone. It crystallizes in prisms, melts at 125°, and acts 
as a soporific. 

Mesityl oxide, (CeHioO, « CHg-CO CIIiCCCHg)^ (Kane, 
1838; Baeyer), is a liquid of aromatic odour, boiling at 132°. 

Phorone, CgH^O, «= (CH3)gC:CH C 0 CH :C(CH3)2, forms 
readily fusible yellow crystals. Both compounds are obtained 
by saturating acetone with hydrochloric acid gas (A., 180 , 1.) 
r • iSO ) 7 
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Methyl ethyl ketone { 2 -Butanone), CH^-CO-CgHg, is present 
in crude wood spirit, and is also formed by the oxidation of 
secondary butyl alcohol. B.-pt. 81 ®, and is of importance for 
manufacturing synthetic plastics. 

Pinacoline { 2 ’Dimethyl- 3 -btitanone)f methyl tertiary -butyl 
ketone^ CHg'CO'CXCHa)^, b.-pt. 106 ®, is produced by the action 
of dilute sulphuric acid upon pinacone (p. 222 ). This involves 
a characteristic rearrangement, the pinacjoline reaction 

A number of ketones have been obtained from the higher 
fatty acids. These have been converted by Krafft into the 
corresponding paraffins, by first transforming them into the 
chlorides, 0,1112^012, by means of PCI5, and then heating the 
latter with %driodic acid and phosphorus. 

Both aldehydes and ketones change to the isomeric un- 
saturated alcohols in presence of hydrogen halides, halogen 
and Grignard reagents; cf. Enolisation, Ohap. Llll, A. 

C. Aldoximes and Ketoximes 

The aldoximes and ketoximes are the compounds obtained 
by the action of hydroxylamine on the aldehydes and ketones 
respectively. They both contain the bivalent oximino group 
:N*OH attached to carbon, e.g.: 

CHa-CIKNOH and (CH3),C : NOH. 

Acetaldoxime Acetoxime 

They are either colourless crystalline compounds or liquids, 
and are both basic and acidic in properties. With metallic 
hydroxides they yield salts of the type CHa-CHrNOK; with 
mineral acids they form salts in much the same manner as 
ammonia does, e.g. CMe2:NOH, HCl. 

The oximes are fairly readily hydrolysed by dilute acids, 
yielding hydroxylamine and either an aldehyde or a ketone. 

On reduction they all yield primary amines, : N- 0 H-> -NHa- 

Dehydrating agents, e.g. acetic anhydride or acetyl chloride, 
transform the aldoximes into nitriles, water being eliminated: 

CHa CiHfrN-iOHj « CHg CjN 4 - H^O. 

The ketoximes with acetyl chloride followed by water 
undergo the Beckmann transformation^ the final product being 
an acid amide or anilide. Cf. Chap. L, Cl . 
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Constitution , — In the formation of the oximes the water 
eliminated is undoubtedly formed from the oxygen of the 
carbonyl group and the hydrogen atoms of the hydroxylamine, 
otherwise the reaction would be of the type 

CH 3 CO CH 3 + NH, OH - CHs CO'CH. NH, + 11,0, 

and an aminoketone would result. There are two possible 
ways in which w’ater can be thus eliminated, yielding a com- 

pound CMegrN-OH or | . That the first of these 

^NH 

two formulae is correct is demonstrated by the fact that when 

, is hydrolysed 

•R 

with hydrochloric acid an alkyl derivative of hydroxylamine, 
NIIg-OR, is obtained, and hence the alkyl group is presumably 
attached to oxygen in the alkylated oxime, and the oxime itself 
thus contains an OH group. This constitution formula is in 
perfect harmony with the reactions characteristic of oximes. 

The oxime derived from an aldehyde or ketone often exists 
in isomeric forms. This is especially true of those derived from 
aromatic aldehydes and from mixed (unsymmetrical) ketones 
of the aromatic series. According to Goldschmidt and 7. Meyer, 
these isomers are structurally identical, and are stereo-isomeric 
(i.e. the isomerism is due to the spatial relationship of the 
various atoms and radicals). See Chap. L, Cl. 


an alkyl derivative, :C:N*OR or :C( 


/O 




VI. MONOBASIC FATTY ACIDS 
A. Saturated Acids, CnHanOg, or CnHan+rCOaH 

The monobasic fatty acids are formed by the oxidation of 
the saturated primary alcohols or of their corresponding 
aldehydes. These acids are monobasic, i.e. contain in the 
molecule only one replaceable atom of hydrogen, sinoe, as 
a nile, they give rise to only one series of salts or of esters. 
They are known as the fatty acids, because many of them 
are contained in fats in the form of glyceryl esters. 
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The group characteristic of acids is the carboxylic group 

.0 

•0/ , and it is the hydrogen of this group which be- 

^0-H 

comes replaced in the formation of salts. The basicity of an 
acid depends on the number of such carboxylic groups present 
in the molecule. Hantzsch (B., 1917, 1422), in order to account 
for the different absorption spectra given by acids and their 
esters, suggests that in the acids and their salts the hydrogen 
or metal is attached to both oxygen atoms (Hydrogen bridge, 
Chap. XL VI, C), but that in the esters the alkyl group is 
united to one oxygen only: 

Est^'r, R c/^ 

XoEt. 


Acid, 


Cf. also Resonance, Chap. LXXIII. With the anion R*C0*0 the 

0 ;o 


resonance would be R-C^ 


and R*C 


0 
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NORMAL FATTY ACIDS AND THEIR PHYSICAL DATA 




Meiting-pt. 

Boiling-pt. 

Formic acid 

CILOj, 

8-3*^ 

lor 

Acetic acid . . 


17 

118 

Propionic acid 


_ 22 

141 

Butyric acid 

C^HgOg 

~8 

164 

Valeric acid . . 


”59 

186 

Caproic acid 

LeHigOg 

+ 8 

206 

Heptoic acid 

C,H„ 0 , 

-10 

224 

Caprylic acid 

CgHieOa 

+ 16 

236 

Nonylic acid 

CgII|gOj 

12 

254 

Capric acid . . 

^loB 20^8 

31 

269 

Undecylic acid 

CnIlggOj 

29 

{213 

Laurie acid . . 


48 

{226 

Tridecylic acid 


51 

{236 

Myristic acid 

C, 4 H« 0 . 

68 

{248 

Pentadecylic acid . . 


54 

{257 

Palmitic acid 

CjgHjjOj 

64 

{269 

Margario acid 

^ 171134^^2 

60 

{277 

Stearic acid . , 


69 

{287 

Nondecylic acid 


66 

{298 

Araohidic acid 

C 20 H 40 O* 

76 

— 

Behenic acid 


83 

— 

Lignooeric acid 


80 

— 
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The higher acids Cerotic, C 2 a> MeKssic, Cqq, are probably 
mixtures. 

In numbering the carbon chain the C of the COgH groups is 
always No. 1 , the next C is No. 2, or often called the a carbon 
atom, then follows No. 3, or the p, then No. 4, or y, and so on. 

The lower members of the series are liquids of pungent 
odour and corrosive action, and boil without decomposition. 
They dissolve readily in water, and the aqueous solutions 
exhibit a strongly acid reaction, although most of the anhy- 
drous acids are without action on dry litmus paper. The inter- 
mediate members have an unpleasant smell like that of 
rancid butter or perspiration, and are oily and but shghtly 
soluble in water. They ionize in aqueous solution but with the 
exception of formic acid are weak acids. Mobility, odour, and 
solubility diminish as the percentage of carbon increases. The 
higher members, from ^io> are solids, like paraffin, insoluble in 
water, and c^an only be distilled without decomposition in a 
vacuum. These higher acids are readily soluble in alcohol, 
and especially in ether. 

In this series the boiling-point rises regularly for each 
increase in the number of C atoms in the molecule. The rise 
is roughly 19^ for each increment of CHg. The melting-points 
do not exhibit the same regularity: the melting-point of any 
acid containing an even number of C atoms in the molecule 
is higher than the melting-point of the acid with an odd number 
of C atoms which immediately succeeds it. (Of. Chap. LXXl, B.) 

The specific gravity of the liquid acids is at first > 1 , and 
from C 3 onw^ards < 1 , and it decreases continuously to about 
0 * 8 , the paraffin character of the hydrocarbon radical becoming 
preponderant. 

Occurrence . — Many of the free acids occur in nature, but 
more frequently as esters, viz.: (a) esters of monohydric 
alcohols (see wax varieties), ( 6 ) esters of glycerol, i.e. glycerides, 
in most of the vegetable and animal fats and oils. For further 
particulars see p. 183 and Chap. LV. 

Formation. — 1. By the oxidation of the primary alcohols, 

/H 

R*CHg*OH, or their aldehydes, R-0^ , by alkaline perman- 

ganate or dichromate and sulphuric acid, although in the latter 
case esters are frequently formed as by-products, or by the 
oxygen of the air in presence of platinum or of nitrogenous 
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substances, e.g. acetic acid from alcohol. With aldehydes 
milder oxidizing agents can be used, e.g. alcoholic silver nitrate, 
per-acids, HgO, or bromine water (cf. Monosaccharides). The 
acids thus formed contain the same numl)er of carbon atoms 
as the alcohol or aldehyde. Many complex carbon compounds, 
e.g. ketones with hypobromitc, unsaturated compounds with 
permanganate, &c., yield acids containing a smaller number 
of carbon atoms. The higher acids of this series are converted 
into their lower homologues w^hen oxidized. 

2. Several acids have been prepared from the halogen com- 
pounds containing the group -CXg, e.g.: 

IK^Cla -f 4KOH - H COJv -f llKCl + 21f,0. 

The trihydroxy compounds R-C(01I)3 which may be first 
formed are unstable and eliminate water yielding the acid: 

R C(0H)3 + HjO. 

\OH 

But derivatives of these trihydric alcohols, or ortho-acids as 
they are termed, are known; for example, ethyl ortho-formate, 
HC( 0 C 2 H 5 ) 3 , a neutral liquid of aromatic odour, insoluble in 
water, and boiling at 146°. 

3. From the alkyl cyanides or nitriles, 0^112^4 ^CN. The 
cyanides, which are prepared by warming the alkyl iodides 
with cyanide of potassium, are converted into the fatty acids 

.and ammonia by hydrolysis with potassium hydroxide solu- 
tion, with dilute or concentrated hydrochloric acid, or with 
sulphuric acid diluted with its own volume of water. 

The reaction may be regarded as the addition of two mole- 
cules of water to each molecule of nitrile: 

CHg CJN CHj CO NH, CH^ CO ONH^, 

+ H,0 -fH*0 

first yielding the acid amide, and then the ammonium salt of 
the acid, which is decomposed by the hydrolysing agent 
employed. The process, in the case of aromatic nitriles, can be 
stopped at the point when the acid amide is formed, but in 
the aliphatic series this is almost impracticable. The reaction 
is the exact reverse of the formation of nitriles from the am- 
monium salts of fatty acids: 

CH,C0 0NH4 CHa-CONH, CH,C:N. 

-HaO -H,0 
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The great importance of this reaction, by means of which it 
is possible to obtain an acid from an alcohol C^, has been 
already indicated (p. 112). And since the acids can be con- 
verted indirectly by reduction into the corresponding alcohols, 
it is thus possible to build up synthetically, step by step, the 
alcohols richer in carbon from those poorer in carbon, a cir- 
cumstance which is of especial importance in the case of the 
normal alcohols {Lichen and Rossi), As an example; 

( -> CUJ -> (^Ha-CN CH3 COOH. 

P and I KCN Hydrolysis. 

The acid may be converted into the alcohol containing the 
same number of carbon atoms by one of the following methods: 
{a) Ca salt 4 - Ca formate aldehyde alcohol ; (6) acid 
chloride reduced gives alcohol; (c) ethyl ester reduced gives 
alcohol. 

4. Several methods are available for the introduction of the 
carbonyl group into a compound. 

(а) By the action of carbon monoxide on a solid alkali 
hydroxide or alkyl oxide. 

H ONa -I- CO - H CO ONa and R ONa + CO R CO ONa. 

Carbon monoxide can be made to combine with the alcohol 
CllgOH + CO -> CH3 CO UH, 

at tmnperatiires of about 350^^ and j)res8ures of 200 atm. with 
a catalyst composed of phosphoric acid with a little copper 
phosphate. Methyl ether is formed as a by-product and the 
yields of acids tend to decrease with higher alcohols {Hardys 
J. C. S., 1934, 1335; 1936, 355, 364). 

Ammonium formate is also obtained by reducing am- 
monium carbonate solution with sodium amalgam. 

(б) By the addition of COg to a metallic alkyl compound 
at a suitable temperature (W anJdyn): 

RNa + CO, -> R CO,Na. 

The method is of interest in the case of the sodium deri- 
vatives of acetylenes. 

(c) Gfignard's reagents may be used in place of the metallic 
alkyls. On passing carbon dioxide into the ethereal solution 
a compound R-COa’MgBr is formed, and this with dilute 
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sulphuric acid gives the carboxylic acid, R-COgH. (C. R., 1904, 
138, 1048; also Org. Syn., 1925, 73.) 

(d) I'he -COaEt group can be introduced by treating an 
alkyl halide with ethyl chloroformate and sodium (Wurtz), 

R Cl -f Cl COjEt + 2Na 2NaCl + R CO^Et. 

As a rule the yields are poor. 

(e) An indirect method is to replace halogen by the nitrile 
group (Chap. IV, C.), and hydrolyse: 

R Br -> R CN -> R COJI. 

5. By the addition of hydrogen to unsaturated acids, e.g. 
propionic acid, CH 3 *CH 2 *C 02 *n, from acrylic acid, CllgiCII* 
COgH. This addition of hydrogen may be effected (a) directly 
by hydriodic acid and phosphorus, sodium amalgam and water, 
or by the aid of hydrogen and reduced nickel at a temperature 
of about 100^, or hydrogen and colloidal palladium at the 
ordinary temperature, Chap. XLIX, A.; (6) indirectly, by 
addition of hydrobromic acid and inverse substitution. Un* 
saturated acids also yield saturated ones containing fewer 
carbon atoms when fused with potash, e.g. 1 mol cro tonic 
acid, C 4 Hg 02 , yields 2 mols acetic acid, 

6. From the hydroxy acids, by reduction with hydriodic 
acid : 

CH, CH(OH) CO,H + 2HI « CH, CH, COaH + I, + HgO, 

Lactic acid Propionic acid 

7. From many polybasic acids, by the elimination of COg, 
for example, formic from oxalic, COOH*jCOOH, and acetic 
from malonic, jTO^H CIIi-CO^H. 

8. Aceto-acetic ester syntheses , — The homologues 

R 

R CHj COOH and 

R' 

can be prepared from acetic acid by first converting the latter 
into aceto-acetic ester, CHg'CO'CHa-COOCjHg, introducing 
alkyl groups into this, and then decomposing the compound 
so obtained by concentrated alcoholic potash. (Cf. Aceto- 
acetic Ester, Chap. IX, G. ; and Malonic Ester, Chap. X.) 

Separation , — Natural fats are nearly all glycerides, i.e. esters 
derived from the trihydric alcohol, glycerol, and various fatty 


> 


IHCOOH 
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and other acids, so that a mixture of acids is obtained when 
any natural fat is hydrolysed. This mixture may be separated 
into its components as follows: 

(a) By fractional distillation in a good vacuum; (b) by 
fractional precipitation of an alcoholic solution of the acids 
by means of magnesium acetate, calcium chloride, &c., the 
acids richer in carbon being precipitated first; (c) by frac- 
tional solution: the dry barium salts of formic, acetic, pro- 
pionic, and butyric acids are very differently soluble in alco- 
hol, the solubility increasing rapidly with the number of 
carbon atoms; (d) by fractional neutralization, and distillation 
of the non-combined acid, 

Behamour, — 1. Salts. The acids are monobasic, and thus 
form normal salts, e.g. CHg-COgNa. They also yield acid 
salts— the 80 -calhid per-acid salts — from the existence of 
which we might feel inclined to doubt their monobasic nature. 
These salts can, however, be crystallized from a strongly acid 
solution only; they decompose on the addition of water, and 
also lose their excess of acid when heated. The formation of 
such acid salts is now usually regarded as being due to 
co-ordinate links, e.g. : 


R 


•c/ 


\ 


0->H 

OH^ 


<X 


All the other chemical characteristics of the acids go to prove 
their monobasicity, especially the non-formation of acid esters. 

2. The monobasic acids give rise to different groups of deri- 
vatives in much the same manner as the monohydric alcohols. 
The typical hydrogen atom is replaceable by an alkyl group 
with formation of an ester or al^l salt, e.g, CHa'CO-OCgHj, 
ethyl acetate, or by a second acid radical with formation of an 
anhydride; the hydroxyl may further be replaced by halogen, 
especially chlorine, to an acid chloride, by SH to a thio-acid, 
by NHj to an amide, &c. (See Acid Derivatives, Chap. VII.) 

3. Halogens act upon the acids as substituents (Chap. VI, D.). 

4. When the alkali salts are heated with soda lime, or fre- 
quently when the silver salts are heated alone, carbon dioxide is 
eliminated and a paraffin formed (see e.g. Methane). Paraffins 
are also formed when the alkali salts are electrolysed (see 
Ethane). Certain free acids, e.g. nitro-acetic acid lose carbonic 
anhydride when heated. 

( B 480 ) • 
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5. Most of the acids are relatively stable towards oxidizing 
agents, formic acid alone being readily oxidized to carbonic 
acid, and thus possessing strong reducing properties. 

6. When the lime salts of the acids are heated with calcium 
formate they are reduced to aldehydes, and when heated for 
a lengthened period with hydriodic acid and phosphorus, to 
paraffins. When a mixture of the acid and formic acid is passed 
over Ti02 at 250-3(X)'', an aldehyde is formed. 

6a. When the lime salts are distilled alone, or when the 
higher acids are heated with phosphorus pentoxide, they are 
transformed into the ketones, 

7. The acids are not readily reduced to the corresponding alde- 
hydes or primary alcohols. They may be reduced indirectly: (a) 
conversion into the acid chloride and catalytic reduction of this 
with palladized barium sulphate or kieselguhr to the aldehyde ; 
(6) conversion to ester or reduction of this by the BouveauU and 
Blaize method (p. 203 and Chap. XLVII, A b) to the alcohol. 

Comiitulim, — It follows from their modes of formation, 
especially 3, 4, and 6, and also from their behaviour (see 4 
above), that acetic acid and its higher homologues contain 
alkyl radicals. The conversion of the alcohols into acids 
containing 1 atom of carbon more, by means of the cyanides, 
is especially strong proof of this. The latter contain the 
alkyl radical bound to the nitrile group -C-N, and when they 
are hydrolysed the alkyl radical remains unchanged, and the 
tervalent nitrogen is replaced by 0" and (OH)', both of these 
attaching themselves to the carbon atom of the original 
cyanogen, and so forming the group 

/O 

•CO, 11 - 

Oil 

Consequently all the oxygen in the acid is united to a single 
carbon atom in the form of the group COgH. This group, 
which is termed carboxyl, is characteristic of the existence of 
acid properties. Further proof of the presence of the carboxyl 
group is based largely on the reactions of the acids. The 
alkyl group which they contain must be directly attached to 
C, as it is not removed by the action of acids or alkalis. We 
thus have CnHjjn-M'C. The pesence of an OH group follows 
from the reaction of the acids with PCI3 or PCI5, when an 
atom of 0 and an atom of H become replaced by an atom of 
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Cl, and they must presumably therefore be present in the 
form of the univalent ‘O-H group. There is only 1 oxygen atom 
left over to account for, and this is presumably attached to the 

.0 

C by a double bond, and thus we have CnH 2 n+i*C^ . The 

^OH 

monobasic acids may therefore be regarded as compounds 
of the alkyl radicals with carboxyl, or, in other words, as 
derived from paraffins by the replacement of one hydrogen 
atom by a carboxyl group, thus: 

C„-iH2„.rC0,H =« CnHsaO,. 

Formic acid is, in this way, the hydrogen compound of 
carboxyl, H-COgH. 

The acids are distinguished as primary, secondary, or tertiary, 
according as the alkyl radicals which they contain are pri- 
mary, &c. Thus : 

Primary Secondary Tertiary 

RCHaCOJI Rli'CHCOaH RR'R"C-CO,H. 

There is no room for doubt that it is the hydrogen atom of 
the carboxyl group, the so-called “ typical hydrogen atom, 
which is replaced by metals in the formation of salts, for the 
foregoing acids are all monobasic, and consequently the number 
of hydrogen atoms present in the alkyl radical is of no moment 
for the acid character. In the di- and p>olybasic acids, the 
presence of two or more carboxyls can usually be demon- 
strated. 

If the composition of the primary alcohols, R-CIIg-OH, is 
compared with that of the corresponding acids, R-CO-OH 
(R == alkyl or hydrogen), the latter are seen to be derived 
from the former by the exchange of two atoms of hydrogen 
for one atom of oxygen. The character of the original 
substance is thus appreciably changed by the entrance of the 
electro-negative (acidifying) oxygen in place of hydrogen. 

Nomenclature , — The names for the first five acids are special ; 
from onwards, with a few exceptions, the names for the 
normal acids indicate the number of carbon atoms, e.g. hexoic, 
heptoic, or heptylic, &c. The systematic name (Geneva Con- 
gress) of the normal compound is obtained by adding the word 
acid to the name of the paraffin containing the same number 
of carbon atoms, e.g, acetic acid = ethane acid. 
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The monovalent radicals left when OH is removed from 
the molecule of each acid are often spoken of as acid or 
acyl radicals. (Of. Alkyl Radicals.) The commonest of 
these radicals are CHg'CO*, acetyl; CjHg-CO', propionyl; 
CjH^ CO*, butjnrl; &c. 

The aldehydes may be looked upon as hydrogen compounds 
of the acyl radicals, and the ketones as compounds of the 
latter with alkyl radicals, thus: 

(CHa-CO)!! (aldehyde) (CH 3 CO)CH8 (acetone). 

The constitution of aldehydes and ketones, and of com- 
pounds derived from them, is based on the constitution of the 
monobasic acids. 

Isoniers. — The acids of the acetic series show the same iso- 
merism as the alcohols containing 1 atom of carbon less, since 
they are formed from these by means of the cyanides. Thus 
we have 1 propionic acid, 2 butyric acids corresponding with 
the 2 propyl alcohols, 4 valeric acids corresponding with the 
4 butyl alcohols, and so on. 

Formic acid (Methane add), addum formidcum, CH 2 O 2 
(Samuel Fisher and John Wray), 1670; Marggraf), occurs free 
in ants, especially Formica rufa, in the processionary cater- 
pillar (Bombyx processionea), in the bristles of the stinging 
nettle, the fruit of the soap-tree (Sapindus saponaria) ; also in 
small quantity in perspiration, urine, and the juice of flesh. 

Formation,~Fiom HCN, CHCI3, CH3OH, CO^, &c. (See 
General Methods of Formation.) Its salts are obtained by 
the reducing action of sodium amalgam upon ammonium car- 
bonate or solutions of the alkali hydrogen carbonates (Lieben ) ; 
the free acid by the dry distillation or oxidation of many 
organic substances, e.g, starch (Scheek). 

Preparation, — 1. Sodium formate is manufactured by 
absorbing carbon monoxide with lump caustic soda at lOQ- 
120° under pressure. For kinetics of the reaction, see Bredig, 
Z. Elek., 1914, 20, 489. 

2. When oxalic acid is heated, formic acid is obtained in 
small quantity together with carbon monoxide, carbon dioxide, 
and water, and the same effect is produced by the direct 
action of sunlight upon its aqueous solution containing uranic 
oxide; 

CjHjO* - CO, + CH,0,. 
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This decomposition is best effected by heating crystallized 
oxalic acid with glycerol to 100®~110® (Berihelot, Lorin), and 
adding more oxalic acid crystals as soon as the evolution of 
carbon dioxide ceases. The reaction can be repeated a number 
of times, and relatively large amounts of formic acid are pro- 
duced from oxalic acid by the use of a relatively small amount 
of glycerol. The first product is a mon-oxalate of glycerol, 

OH C]L/CH(OH) CHa O'CO- H, 


which then decomposes into COg and glyceryl monoformate 
or monoformin, OHCH2CH{OH) CH2‘() CHO (cf. glyceiyl 
esters). The addition of more oxalic acid liberates formic 
acid, and this distils over with the water from the crystals 
added, and glyceryl monoxalate is reformed. {Chaitaway, 
J. 0. S., 1914, 151.) 

OHCHaCll(OH)CHOCHO + CO*HCOjH 

OH CHj'CH(OH) OH O CO CO^H + HCO^H. 

The anhydrous acid is obtained by decomposing the solid lead 
or copper salt with sulphuretted hydrogen. 

Properties . — It is a colourless liquid which solidifies in the 
cold and fumes slightly in the air. M.-pt. -f 9°; b.-pt. 101®; 
sp. gr. 1*22. It has a pungent acid and ant-like odour, acts 
as a powerful corrosive, and produces sores on the soft parts 
of the skin. It is a much stronger acid than acetic acid, is 
a powerful antiseptic, and decomposes completely into carbon 
monoxide and water when heated with concentrated sulphuric 
acid: Cll^Oa - CO -f 11^0. 

Potassium-* HCOgK, sodium-* HCOgNa, and am- 
monium fonnate* HCO2NH4, form deliquescent crystals. The 
first two yield oxalates when strongly heated, with evolution 
of hydrogen (see Oxalates); the ammonium salt yields form- 
amide and water at 180°: 

HC0,*NH4 - H CO NH, + H,0. 

The lead salt, Pb(HC02)2, iovms glistening, sparingly soluble 
needles, the copper salt, Cuj^HCOj)^ •+* 4H2O, large blue mono- 
clinic crystals, and the silver salt colourless crystals. The 
last-mentioned deposits silver when warmed, consequently a 
solution of nitrate of silver is reduced when heated with formic 
acid. 
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A solution of the soluble mercuric salt, Hg(HC 02 ) 2 , evolves 
carbon dioxide when gently warmed, and yields free formic 
acid together with the sparingly soluble mercurous salt, 
Hg 2 (HC 02 ) 2 , w^hich separates in white plates; on further 
heating, carbon dioxide, formic acid, and metallic mercury 
are obtained. Similarly an aqueous solution of mercuric 
chloride is reduced by formic acid to the mercurous salt, 

Formic acid unlike its homologues is thus a strong reducing 

agent, due to the presence of the -CHO group, i.e. HO-C:^ 

\ll 

It decomposes into carbonic acid and liydrogen w hen heated 
alone to 160*^, or when brought into contact with finely-divided 
rhodium. 

Acetic acid (Ethane acid), Cllg-COOlI, was knowui in the 
dilute form, as crude wine vinegar, to the ancients. Stahl 
prepared the concentrated acid about 1700. Glauber mentions 
wood vinegar (1648). Its constitution was established by 
Berzelius in 1814. Salts of acetic acid are found in various 
plant juices, especially those of trees, and in the persj>iration, 
milk, muscles, and excrementa of animals. Esters of acetic 
acid also occur, e.g. triacetin in croton-oil (see p. 183, and also 
under Glycerol). 

Formation (see p. 165 et seq .}. — It is the final product of the 
oxidation of a great many compounds, and also of their treat- 
ment with alkalis. 

The following synthesis is of historical interest: Perchloro- 
ethylene, CCl 2 .’CCl 2 , which is prepared from COI 4 , i.e. from Cl 
and CSg, yields with chlorine in presence of water in direct 
sunlight trichloracetic acid, carbon hexachloride, CgClg, being 
obviously formed as intermediate product (Kolbe, 1843). 

CClj CCIa + 2HaO - CCl, CO,H -I- 3HCI. 

The latter acid is reduced to acetic acid by nascent hydrogen 
(Melsens), 

Manufacture. — 1. From alcohol . — A dilute aqueous solution 
of alcohol, containing up to 15 per cent, is slowly converted 
into acetic acid on exposure to the oxidizing action of the air 
and in presence of certain low forms of plant life known as 
bacteria, especially Bacterium acetiy of which there are many 
varieties. These organisms are contained in the air, and hence 
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become deposited in alcoholic liquors exposed to the air, and 
thus produce the souring of wines, &c. For the growth of the 
micro-organisms, nitrogenous matter, phosphates, &c., are 
essential, and hence pure alcohol mixed with water does not 
turn sour. In the “ quick process ” dilute alcoholic liquors, 
e.g. waste wine liquors or alcoholic malt wash, are allowed to 
trickle over beechwood shavings which have been previously 
coated with the required bacteria (mother of vinegar), and 
the temperature is kept at about 35°. 

Vinegar is an aqueous solution of acetic acid, usually con- 
taining only 4 to 6 per cent, but containing also small quan- 
tities of alcohol, of the higher acids, e.g. tartaric and succinic, 
the ethyl esters of the acids, proteins, &c. 

2. From wood . — The dry distillation of wood, wliich is con- 
ducted in cast-iron retorts, yields: (1) gases, e.g. hydrogen 
15 per cent, methane 11 per cent, carl)on dioxide 26 per cent, 
carbon monoxide 41 per cent, and higher hydrocarbous 7 per 
cent; (2) an aqueous solution known as pyroligneous acid, 
which in addition to acetic acid, contains methyl alcohol, 
acetone, methyl ethyl ketone, homologues of acetic acid, and 
strongly smelling combustible products (empyreuma); and 
(3) wood-tar, which contains compounds of the nature of 
carbolic acid. The pyroligneous acid is worked up for acetic 
acid by converting it into the sodium or calcium salt, heating 
these — the former to fusion, and the latter to 200°, and then 
distilling with sulphuric acid. 

In modern distilleries the acetic acid is recovered direct 
from the crude pyroligneous acid by fractional distillation 
or by a process of scrubbing with a suitable solvent. 

3. Synthetic acetic add . — Large quantities of the acid are now 
made from acetaldehyde obtained from acetylene (Chap. I, C., 
and LI, F.). The oxidation is carried out in aluminium-lined 
ves.sela with atmospheric oxygen in presence of manganese 
acetate as catalyst. 

Properties . — Acetic acid is a strongly acid liquid of pungent 
odour, which feels slippery to the touch and burns the skin, 
and which solidifies on a cold day to large crystalline plates 
melting at 16*6° (glacial acetic acid). It boils at 118°, and its 
vapour bums with a blue flame; sp. gr. at 15° = 1*055. When 
mixed with water, contraction and consequent increase in den- 
sity ensue, the maximum point corresponding with the hydrate 
0 Hg*CO 2 H d- H|0, CH 3 *C{ 0 H )3 (ortho-acetic acid), which 
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contains 77 per cent acid and has a sp. gr. of 1*075 at 15*5®; 
after this, the specific gravity decreases with further addition 
of water, so that a 50-per-cent acid has almost the same density 
as one of 100 per cent. The amount of acid present in a solu- 
tion is determined either by its sp. gr., this contraction being 
borne in mind, or by titration with standard alkali, using 
phenolphthaleiii as indicator, or with very concentrated acid 
by a careful determination of its melting- (freezing-) point in 
the Beckmann apparatus. The vapour density near the boiling- 
point is much higher than that required by theory, but is 
normal above 250®. The high values are due to the associa- 
tion of the molecules at the lower temperatures, and in the 
liquid state the molecular formula is undoubtedly (C2H402)x, 
<fec. The acid is hygroscopic, and stable towards chromic acid 
and cold permanganate of potash. It dissolves phosphorus, 
sulphur, and many organic compounds, is corrosive, and gives 
rise to painful wounds on tender parts of the skin. 

Salts . — All the normal acetates are soluble in water. The 
following potassium salts are known: (a) KCgH^Oj, (5) 
KC2H3O2, HC2H3O2, and (c) KC2H3O2, 2HC2H/)2. 

Sodium acetate, CH3*COONa, SllgO, forms transparent 
readily soluble rhombic prisms. Ammonium acetate, CH^* 
CO-ONH4, resembles the potassium salt. It is used in medi- 
cine as a sudorific (liquor ammonii acetici). Its solution loses 
ammonia on evaporation, and it yields acetamide when dis- 
tilled. Ferrous acetate, Fe(C2H302)2, is largely used in the 
form of “ iron liquor as a mordant in dyeing. The normal 
ferric salt, Fe(C2H302)3, which is employed for the same pur- 
pose, is obtained when a soluble ferric salt is mixed with sodium 
acetate. Its solution is deep red in colour, and deposits the 
iron as basic salt, CH3*CO*OFe(OH)2, when heated with 
excess of water. It is used in medicine as ‘‘ liquor ferri 
acetici The analogous aluminium acetate is known only in 
solution, and finds a wide application as ‘‘ red liquor mordant 
in calico printing and dyeing. Its use depends upon the fact 
that it is readily hydrolysed by water, e.g. when exposed to the 
action of steam, and on the insolubility of the compound 
(lake) formed from the residual alumina and the colouring 
matter. It is employed in small doses as an astringent in 
cases of diarrhoea, &c. Lead salts. (1) Normal lead acetate 
or sugar of lead, (CH3*COO)2Pb -f- SHgO, is manufactured 
from sheet-lead and acetic acid. It forms colourless lustrous 
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four-aided prisms, which are poisonous and of a nauseous 
sweet taste. It combines with lead oxide to (2) basic salts of 
alkaline reaction, termed sub-acctates. 

The simjdest basic salt has the composition 0H*Pb*0* 
CO-CfTg, but there also exist others, e.g. Oll-Pb-O-Pb-O- 
CO'CIlg, &c. Two molecules of acetic acid can combine with 
as many as 5 molecules of lead oxide. Tliese basic acetates are 
used as Goulard's lotion, and on the large scale for the pre- 
paration of white-lead, &c. 

Cupric acetate, €0(0211302)2 + ^HgO, dark-green crystals, 
also forms basic salts, e.g. verdigris OH-Cu-O-fTI'CIIg. Silver 
acetate, AgCgHaOg, forms characteristic glistening needles. 

Detection of Acetic Acid.- ~(l) When an acetate is heated with 
alcohol and sulphuric acid, the pleasant-smelling ethyl acetate 
is formed; (2) by means of the silver salt; (3) by the odour 
of cacodyl produced upon heating the potassium or soibiim 
salt with arsenious oxide, (i^ee p. 134.) 

Propionic acid, ('}l3‘CI{2-C02ll (Gottlieb, 1814), may be 
obtained by the reduction of acrylic or lactic acid (see 
p. 168); also from lactate or malate of calcium by suitable 
Schizomycetes fermentation (Fitz). It is usually prepared by 
the oxidation of propyl alcohol with dichromate mixture 
(See p. 165.) 

It separates from its aqueous solution as an oil on the addi- 
tion of calcium chloride, hence the name 7rpiZTo<;, the first, 
and iriioi', fat; the first oily acid. 

Buiinric acids, C4II3O2. 

1. Normal but3iTic acid, butn^ie acid, etkyheetic acid, 
CH 3 *CH 2 'CH 2 *C 02 H, occurs free in perspiration, in the juice 
of flesh, in the contents of the large inte.stine, and in the solid 
excrementa; as hexyl ester in the oil of the fniit of Hcracleum 
giganteum, as octyl ester in PasHnaca saliva, and to the extent 
of 2 per cent as glyceride in butter (Chevreul, 1822). 

Formation . — (See also General Modes of Formation.) It 
is produced (1) by the decay of moist fibrin and of cheese 
(being therefore contained in Limburg cheese) ; (2) by a Schizo- 
mycetes fermentation of glycerol, and of carbohydrates (Pelouze 
and Gelis\ Fitz; see below); (3) by the oxidation of proteins^ 
with chromic acid, of fats with nitric acid, of coniine, &c., and 
(4) by the dry distillation of wood. 

Preparation . — In the ‘‘ butyric fermentation ” of sugar or 
starch by anaerobic bacteria, derived from sour milk or decaying 
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cheese (e.g. Bacillus butylicus, B. amyhbacWr^ Clostridium 
hutyricum), CaCOa or ZnO being added at the same time, to 
neutralize the acid formed, otherwise the fermentation would 
stop. The optimum temperature is 30-35° and the time 
required is 8-10 days. 

Acetaldehyde is probably an intermediate product which 
yields lactic aldehyde and finally butyric acid : 

CH 3 CH : 0 -> CHs-CHiOHl-ClIa CH : O CIIj CHa CHa COall. 

Properties. — It is a thick liquid of un])lea8ant rancid odour, 
in presence of ammonia like that of perspiration, is miscible 
with water, and separates from its aqueous solution on the 
addition of salts. B.>pt. 163°. The calcium salt, Ca(C4H702)2 
-f HgO, forms glistening plates, and is characterized by being 
more soluble in cold than in hot water; it therefore separates 
on warming the concentrated cold aqueous solution. On pro- 
longed heating of the solution, however, it is transformed into 
the calcium salt of isobutyric acid. 

2. Isobutyric acid, 2-7nethyl-propane acid, dlynethyUacedr 
acid, (0113)2 •CH-C02H, is luesent in the free state in the 
carob (Redtenhacher), in the root of Arnica montana, and as 
esters in Pastinaca sativa and Roman chaniomih^ oil. 

It is obtained from isopropyl cyanide {Erlenmeyer), by the 
oxidation of isobutyl alcohol, by the aceto-acetic ester synthesis 
(Chap. IX, H.), &c. It resembles n-butyric acid, but is more 
sparingly soluble in water (1 in 5), and boils 9° lower, i.e. at 
154°. Unlike the latter, however, it is easily oxidized to acetone 
or acetic acid, and carbonic acid. The calcium salt, Ca(C4H702)2, 
differs from its isomer in being more soluble in hot w'ater 
than in cold. The solution is accompani(id by a slight absorp- 
tion of heat, whereas the solution of the salt of the w-acid 
is accompanied by a slight evolution of heat. 

Valeric acid, C5H1QO2, exists in the four modifications 
which are theoretically possible: 

1. Normal Valeric acid {Pentane, acid), propyl-acetic acid, 
CH3*(CH2)3*C02H, from normal butyl cyanide {Lieben and 
Rossi, 1871), is best prepared from propyl -malonic acid. (See 
B., 1888, Ref, 649; also malonic ester synthesis.) It boils at 
185°, and is soluble in 27 parts of water. 

2. Isovaleric acid, S-meihyl-butane acid, isopropyl-acetic add, 
(0113)2 iCH’CHa-COgH, is obtained from isobutyl cyanide. It 
is found in the free state and in the form of esters in the animal 
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kingdom and in many plants, especially (free) in the valerian 
root (Valeriana officinalis), and in the angelica root (Angelica 
archangelica), from which it is obtained by boiling with soda; 
further, in the blubber of the dolphin (Chevreul, 1817), in the 
berries of Vibur7ium opulus, in the perspiration from the foot, 
&c. The natural acid is usually mixed with the active valeric 
acid, and is therefore optically active; the oxidation of fer- 
mentation amyl alcohol by chromic acids yields a similar 
mixtunj. When pure it is optically inactive, boils at 175°, and 
has an unpleasant pungent acid odour, like that of old cheese, 
and a corrosive action. It is used in medicine. 

3 . Methyl-ethyl-acetic acid, active valeric acid, 2-mcihyl- 
C}l3 

butane acid, yCH-COgll, occurs in nature, as already 

mentioned, and results from the oxidation of the active ( — ) 
amyl alcohol; it is in this case ( + ) optically active, while, 
if prepared synthetically, e.g. by the aceto-acetic ester re- 
liction, it is optically inactive, but can be resolved by suitable 
methods into a -f- valeric acid and a — valeric acid. [For 
deterrVi nation of optical activity, see section on Physical 
Properties, Chap. LXXI, I.] 

There are thus three distinct acids, one dextro-rotatory, 
one Isevo-rotatory, and the third optically inactive, which 
have to be represented by the same structural formula, viz. 

cn. 

y^HCOjH. 

CjH/ 

As regards their ordinary chemical and physical properties, 
the two active acids are exactly alike, and differ only in their 
action on polarized light. This difference is not due to the 
different arrangements of the molecules, as all three are liquids, 
and in liquids the molecules are not usually regarded as having 
definite arrangements. A further proof that the cause of 
the activity, and hence of the isomerism, is to be sought for 
in the molecules themselves, and not in any special arrange- 
ments of the molecules, is the fact that the optical properties 
of the acids in the gaseous state are similar to those in the 
liquid. The investigations of Pasteur, Le Bd, and Van*t Hoff 
have shown that this kind of isomerism, which is now usually 
termed stereo-isomerism, is due to the fact that the com- 
pound contains a carbon atom to which 4 different radicals 
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are attached; in the case of valeric acid these are, H, CII3, 
C2H5, CO2H. Such a carbon atom is usually termed an asym- 
metric carbon atom. (This expression does not mean that the 
carbon atom itself is asymmetric in shape, but that it is attached 
to four distinct radicals, an arrangement which produces a 
dissymmetric molecule.) 

Vant Hoff showed that if these radicals are arranged around 
the carbon atom, not in a single plane, but in the three dirnen- 
sions of space, then every compound containing a single asym- 
metric carbon atom should exist in the modifications repre- 
sented by the figures 1 and 2. 


h h 



Such modifications are not identical, since they cannot be 
brought to superposition (this can be shown readily by the 
aid of models), but they are very similar; in fact, they stand 
in the relationship of the right to the left hand, or in the 
relationship of an asymmetric object to its mirror image. 
They are enantiomorphous. 

The spatial relationship of the radicals is often expressed 
by stating that if the asymmetric carbon atom is situated 
as the centre of a regular tetrahedron, then the four radicals 
occupy the solid angles of the tetrahedron. The arguments 
in favour of the spatial representation of the molecules of 
carbon compounds are largely based on a consideration of 
the number of isomeric forms in which simple carbon deriva- 
tives occur. For example, no simple compound of the t}q.)e 
C a a b b is known to exist in more than one modification. 
If, however, the radicals and carbon atom were arranged in 
a single plane, we should expect the two modifications: 
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but with the spatial or tetrahedral arrangement we can get 
but the one modification. 

a 

A\ 



An examination of models * will clearly show that in what- 
ever way the radicals a and 6 are exchanged a model is 
obtained which can be superimposed on the one depicted. 

Similarly with regard to compounds C a a b c, in which 
2 of the 4 radicals are alike. The tetrahedral arrangement 
allows of one modification only, and in these cases only 
one is actually known. When, however, all four radicals are 
distinct, e.g. C a b c d, the spatial arrangement admits of two 
enantiomorphous or non-superposable configurations, which 
arc in the relationship of object to mirror image, and those 
two modifications represent the two optically active isomerides, 
in which almost every compound of the type C a b c d has 
been shown to exist. An examination of the models repre- 
senting the two modifications shows that they are both dis- 
symmetric, i.e. a plane of symmetry cannot be drawn through 
them, and the optical activity which such compounds exhibit 
when in the liquid vstate, or in solution, is undoubtedly con- 
nected with the dissymmetry of their molecules. Since the 
two configurations contain the same radicals and are very 
similar, in the one case containing the 4 radicals, arranged 
in wliat we may term a positive, and in the other, in the 
opposite or negative direction, it follows that the molecules of 
the two compounds should produce rotations of the polarized 
ray equal in magnitude but of opposite sign. This is the case 
with the two optically active valeric acids: the pure dextro- 
acid has a rotation of -f 17*85°, and the leevo-acid — 17*85°. 

In addition to the two optically active modifications, a third 
isomeride is usually known which is optically inactive. As it 
can be synthesized by mixing together equal weights of the 

• In using models it must be remembered that the models are not sup- 
posed to represent in the least the actual shapes of the atoms, but merely 
their spatial relationships. It must also be borne in mind that the atoms 
and radicals in the molecules are in a state of motion, and the hxed position 
represented in the model may be supposed to represent the mean position 
or the position which the centre of gravity would occupy at absolute zero. 
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d and I compounds, it follows that such a compound is either 
a mixture or a definite compound of the two active isomerides, 
i.e. its optical inactivity is owing to the fact that the two 
components are present in equal quantities. Such isomerides 
are often spoken of as racemic compounds, and are optically 
inactive by external compensation. Such racemic compounds 
may be resolved into their optically active components by 
several methods, most of which were devised by Pasteur. (See 
Racemic Acid, Chap. X, D.) 

Relationship between Dissymmetry of the Molecule and Optical 
Actnity . — Since the two isomerides of the type C a b c d are 
oj)tically active, it should follow that any derivative of valeric 
acid in which the four radicals attached to the central carbon 
atom are still different should be also optically active, but 
that a derivative in which two of the radicals become similar 
should become inactive. This question has been examined by 
Le Bel in the case of some forty derivatives of active amyl 
CH 3 11 

alcohol, • The alcohol, its chloride, amine, 


all its esters, its oxidation product, viz. valeric acid, and 
all its salts, esters, &c., are optically active; the hydrocarbon 
CH,^ /H 




obtained by reducing the chloride is, however, 


optically inactive, and cannot be resolved into active com- 


ponents, 

4. Trimethyl-acetic acid, 2 : 2-dimethylpropane acid, pimlic 
acidy (CH 3 ) 3 C* 002 H, can be prepared from tertiary butyl 
cyanide {Butleroffy 1873). It melts at 35°, boils at 164°, and 
has an odour like that of acetic acid. 


Eight hexoic acids are theoretically possible, and of these 
seven are known. The most important is normal caproic acid, 
CH3*(CH2)4-C02H {Chevreuly 1822), which is found in nature, 
e.g. in cocoa-nut oil, Limburg cheese, and as a glyceride in 
the butter made from goats’ milk, and is produced in the 
butyric fermentation of sugar, and by the oxidation of albu- 
minous compounds and of the higher fatty acids, &c. Like 
valeric acid, it has a persistent odour of perspiration and rancid 
butter. B.-pt. 205°. 

The higher acids found in nature mainly as glycerides are 
of normal type, and contain an even number of carbon atoms. 
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Goats* butter contains the acids C(j, Cg, and C|o, lunice tlie names 
caproic, caprilic, and capric acids, and cocoa-nut oil — in 
addition to those three — the acid This last, lauric acid, is 

contained more especially in oil of launds {Laurus nobilis); 
msrristic, (^4, is present in oil of iris and nutim^g butter (from 
Myristica nioschata); arachidic, C20, in ground-nut oil (Arachis 
hypogeea)] bebenic, 022> in the oil of ben (Maringa oleifera); 
lignoceric, in the oil from Adenanthem pavonirui] cerotic, 
Cgg, forms in the fre(^ state the chief constituent of bees’-wax 
and as ceryl (?ster that of ,Chinese-wax. Palmitic acid, 
C16H32O2, and stearic acid, CjgHggOg, are very widely distri- 
buted, being nearly always accompanied by a third acid 
poorer in hydrogen, viz, oleic acid, CxsH340a (see Unsaturated 
Acids, Chap. VI, B.). 

Most animal and vegetable fats and oils, e.g. tallow, suet, but- 
ter, palm, olive and seal oils, consist almost entirely of glycerides 
viz. the glyceryl esters of palmitic, stearic, and oleic acids; 
these esters being termed, for the sake of brevity, tripalmitin, 
C3H6(0’C0 *Ci5H3i) 3, tristearin, C3H5(0*C0 Ci7H35)3, triolein, 
C3H5(0’C0*Ci 7H33)3. The constitution of the fats was eluci- 
dated by Chevreul in Ibll. In addition glycerides of acids 
more unsaturated than oleic are present in drying oils. (Cf. 
Chap. LV, Oils and Fats.) 

Most of the varieties of wax are, on the contrary, esters of 
monohydric alcohols; thus bees’-wax consists of the melissic 
ester of palmitic acid, C3oIl640-CO Ci5H34, together with free 
cerotic acid, Chinese wax (from Croton sehiferum, the tallow- 
tree) of the ester C27ll550'C0-C26H53, and spermaceti (Ceta- 
ceum, in the skull of Physiter macrocephalus) of the ester 
CjJIaaO-CO-CigHai. 

From all these esters the acids are obtained in the form of 
potassium salts by saponification with alcoholic potash, thus: 

CaH,(O CO-C„H«)3 + 3KOH « 3Cj-H3,C03K -f C3H,(OH)3. 

Stearin Potassium stearate Glycerol 

The separation of the acids is effected by fractional crystal- 
lization, fractional precipitation with magnesium acetate, or 
by fractional distillation either of the fats themselves or of 
their methyl esters in a high vacuum. Oleic acid can be sepa- 
rated from palmitic and stearic by taking advantage of the 
solubility of its lead salt in ether or alcohol. 

The stearine candles of commerce consist of a mixture of 
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palmitic with excess of stearic acid, some paraffin wax being 
usually added to prevent them becoming crystalline. The 
manufacture of candles depends upon the saponification of the 
solid fats, especially of beef and mutton tallow, by means of 
water and lime, in autoclaves at 100-140°, of concentrated 
sulphuric acid at 110-120°, of super-heated steam at 2(X)~240°, 
or of Twitchell’s reagent obtained by sulphonating a mixture of 
oleic acid and naphthalene, probably Na03S*Ci(jll6*Ci7H3i *00211. 

The glycerides are also hydrolysed to acids and glycerol 
by the lipase contained in crushed castor seed (Chap. LXIX, O.). 

Soaps consist of the alkaline salts of palmitic, stearic, and 
oleic acids, hard soaps containing sodium salts, chiefly of the 
solid acids, while soft soaps contain potassium salts, ]:)rirjcipally 
oleate. By the addition of common salt to a solution of a 
potassium soap, the latter is converted into a sodium soap, 
which is insoluble in a solution of sodium chloride. This pro- 
cess is usually termed “ salting out ”, and is analogous to the 
precipitation of sodium chloride by the addition of hydrogen 
chloride to its saturated solution. These alkali soaps dissolve 
to a clear solution in a little water, but with excess of water 
are hydrolysed to a certain extent, yielding free alkali and 
free fatty acid or acid salt, analogous to potassium peracetate. 
The cleansing action of soap is usually attributed to the 
presence of the small amount of free alkali thus formed: 

I- H OH + NaOH. 

This hydrolysis is similar to that observed in the case of 
inorganic salts derived from a feeble acid and a strong base, 
and increases with increasing dilution. The production of 
free alkali (or free hydroxyl ions) can be readily understood 
by aid of the theory of electrolytic dissociation. The calcium, 
barium, and magnesium salts are insoluble in water, but 
partly crystallizable from alcohol. The precipitates produced 
by the action of hard w^ater on soaps consist largely of those 
insoluble salts. The lead salts (lead plaisters) are prepared 
by boiling fats with lead oxide and water. 

Mixed glycerides are common constituents of many fats, 
e.g. C3H5(0*C0 Ci5H3i) (0 •00*0171135)2. (See Armstrong and 
Allan, J. 8. 0. L, 1924, 207T. 

For electrical conductivity of soap solutions, cf. Banbury and 
Martin, J. 0. S,, 1914, 417; M'Bain and Martin, ibid. 957, 
and for detergent action, cf. Pickering, ibid. 1917, 86. 
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The higher acids with an uneven number of carbon atoms, 
0 , 5 . and Cjy, are prepared synthetically from the acids 
by transforming them into the ketones 
CnHgn+i’CO'CHg (p. 155 ), and oxidizing these, when acids 
Cn- iHgn-i’COOH are obtained. (Krafft.) 

On these reactions a method for proving that the higher 
fatty acids, e.g. palmitic and stearic, are normal in constitution 
has been based. (See the caution given on p. 157 .) 

The acid Ci 5 H 3 i*C 02 H is converted into the ketone C25H3i’ 
CO'CHg; this on oxidation yields Ci4H29*C02H and acetic acid. 
The conversion into ketone and subsequent oxidation is re- 
peated, and an acid, Ci 3 H 27 -C 02 H, obtained. The processes 
are repeated until an acid, CH3-(CH2)7‘C02H, n-nonylic acid, 
is obtained. This can be shown to have a normal structure 
by synthetical methods, and hence all the higher acids must 
also have a normal structure, since if the acid Ci3H27*C02H 
had not a normal structure, but contained a side chain, e.g. 


CHav 

^CH *00211, on conversion into the ketone and sub- 

sequent oxidation it would not yield the acid, C22H25‘C02H, 
but a ketone, CH3*CO*CnIl23, or the oxidation products of 
this ketone. 

Dissociation constant. — One of the most characteristic 
physical constants of the organic acids is the dissociation 

constant K, which is involved in the equation K = — -, 

v{l — a) 

where v = volume of solution in litres containing 1 gm. mol. 
of the acid, a is the amount ionized, and 1 — a the amount not 
ionized. This equation is based on the law of mass action. In 
the case of a feeble organic acid, e.g. acetic acid, where 1 gm. 
molecule is dissolved in v litres of solution, a state of equilibrium 


represented by the equation CH 3 *C 00 H CHg-COO + H 
occurs. Then if ki and represent the velocity constants of 
the direct and reverse actions, we have, according to Guldberg 
and Waage's law, at the stage of equilibrium: 


hy X 



*2 X 



^a) 


= K. 


The extent of ionization in a solution containing 1 gm. 
molecule in o litres is determined by electrical conductivity 
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determinations, o degree of ionization at a 

dilution v is the ratio of the molecular conductivity at this 
dilution to the molecular conductivity at infinite dilution 
when all the acid molecules are ionized. For a weak acid K 
remains constant, and affords a convenient measure of the 
strength of an organic acid. The values at 25° are: 

Acid Formic Acetic Propionic «-Biityric tfo-Butvric 

K X 10* 21-4 1-8 1-4 1-5 16 

Formic acid is obviously much the strongest of the fatty 
acids, but tliey are all comparatively weak acids compared 
with the strong mineral acids. Close comparison cannot be 

drawn between the two groups, as the equation X = 

does not hold good for strong acids. ~~ 


B. Unsaturated Acids, CnH2n-20o or Cj^H2m~-rC02H 



Melting-pt. 

Boiling-pt. 

Acrylic acid, O3H4O2 

7° 

140'^ 

Crotonic acids, lih' 

12 

72 

182 

15 

172 

16 

160 

Angelic acid)., „ ^ 
Tiglicaoid 

45 

185 

65 

198 

Oleic acid 

Klaidic acid 1 ® 

14 

— 

45 

— 

Erucic acid L, t| 

! Brassidic acid; 43 s • • 

33 

— 

60 

— 


These acids are known as the acids of the oleic series. In 
their physical properties they closely resemble the saturated 
acids, apart from differences in melting-point, which are appre- 
ciable. They have the chemical characteristics of monobasic 
acids; they yield salts, esters, amides, &c., in much the same 
manner as the saturated acids; but in addition they resemble 
the olefines in the readiness with which they yield additive 
compounds with hydrogen, halogens, halogen hydrides, or 
hydrogen cyanide, thus forming fatty acids or their substitu- 
tion derivatives. Thus oleic acid, CigHg^Og, when treated with 
Hj in presence of colloidal Pd, yields stearic acid, CieHgeOj, 
and with bromine, dibromo-stearic acid, CjgHj^BrjOg. In this 
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way they characterize themselves as derivatives of the im- 
saturated hydrocarbons of the ethylene series, from which 
they may be regarded as formed by the replacement of an 
atom of hydrogen by carboxyl. They may therefore be termed 
olefine-carboxylic acids. 

Upon the addition of halogen hydride, the halogen does not 
always attach itself to that carbon atom to wliich the smaller 
number of hydrogen atoms is united (Chap. LI, B.). 

The presence of the double bonds renders them much more 
sensitive to oxidizing agents than are the fatty acids. When 
a very dilute oxidizing agent is employed, e.g. 1 per cent 
permanganate, dihydroxy derivatives of fatty acids are ob- 
tained: 

CHj-CHICH COaH -f- O + - CHa CH(0H) CH(0H) C02H; 

but if stronger oxidizing agents are employed, a rupture of 
the molecule occurs at the position where the double bond 
exists, and a mixture of acids is obtained: 

CHa CHICH CHa OOaH -> CH3 CO2H and COjH CH.-COJL 

This affords an excellent method for determining the position of 
the double bond in the molecule of the acid. (Cf . also Ozonization, 
Chap. XLVIII, G.) Fusion with caustic alkalis also causes a 
breaking up of the molecules, and the formation of a mixture of 
fatty acids; but this reaction is of no use for determining the 
position of the double bond, as treatment with alkali tends to 
shift the double bond, if possible, nearer to the carboxylic 
group. Fittig (B., 1891, 82, &c.) has studied the action of 
dilute alkalis on a number of unsaturated acids, and alw^ays 
observed the same effect, e.g. the acid, CH 3 *CH 2 -CH:CH-CH 2 * 
COOH, passes into CHj-CHg'CHg CH : CH-COOH {^-hexene- 
l-ocid). Such changes, which are termed ‘‘ molecular trans- 
formations are explained by the assumption that atoms or 
radicals (in this case the elements of water) are added on to 
the original compound, and then eliminated in a different 
manner, e.g.: 

CH, CH:CH'CHj COjH CH, CH3'CH(OH)'CH, COsH 
-> CH, CH,*CH : CH‘CO,H. 

The presence of the double bond in the molecule has a con- 
siderable effect upon certain properties of the acid; for ex- 
ample, the dissociation constant and the rate of esterifiication 
by the catalytic method. 
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Fichlvr and Pfister have shown (Abs. 1901, i. 965) that the 
introduction of a double bond usually incn'ases the strength of 
an acid, and that the effect is most marked when the double 
bond is in the jS-y-position, e.g. the values for K x 10^ are 
butyric acid 1*54, cro tonic acid 2*0, and for vinyl acetic 
5*83. (Of. Lowry, Trans. Far., 1923, 500.) 

Siidhorongh (J. C. S., 1905, 1840; 1907, 1033; 1909, 315, 
975) has shown that the introduction of the double bond in 
the a-position greatly retards esterification. The rates for 
hydrocinnaniic, CgH 5 *CH 2 -CH 2 *C 02 H, and for cinnamic acid, 
CeH^-CHiCK-COgn, are as 40:1. See also Chap. XXXVI, 
S teric H indran ce . 

Modes of Formation. — 1. By oxidizing the corresponding 
alcohols or aldehydes, e.g. acrylic acid from allyl alcohol or 
acrolein. 

CHj : CH CH. OH -> CH, : CH CHO CH, I CH CO,H. 

2. From the unsaturated alcohols or their iodides, by con- 
verting them into nitriles and hydrolysing these, e.g. crotonic 
acid from ally! iodide (intramolecular rearningenient, p. 189). 

CHarCH-CIIJ ^ CHg CHrCH CN -h- CHg Cdl : CH CO2H. 

Both these methods of formation are analogous to those of 
the fatty acids. 

3. From the monohalogen substitution products of the satu- 
rated fatty acids, by warming with alcoholic potash, sometimes 
upon simply heating with water. This reaction is analogous 
to the formation of the olefines from alkyl haloids; it occurs 
in the case of those substituted acids which contain the 
halogen in the )9-position to the carboxyl (see p. 195 el seq.). 
or from dihalogen compounds, e.g. CH^-CHBr-CHBrCOgH, by 
treatment with zinc and alcohol. The diiodo compounds are so 
unstable they immediately break up into iodine and olefine acid. 

4. By the elimination of water from hydroxy fatty acids. 

CHj(OH) CH, COOH - CH.rCH COjH + H,0. 

Ethylene-lactic acid Acrylic acid 

This reaction corresponds with the formation of the olefines 
from monohydric alcohols. 

6. By the condensation of an aldehyde with malonic acid in 
the presence of a tertiary base, e.g. pyridine : 

ch, ch:o + ch,(co,h),-^ch,*ch:ch*co,h 4 h,o 4- co,. 

^ • 
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Even with higher aldehydes the product is usually an ajS- 
unsaturated acid when pyridine is used, but with diethyl- 
aniline an appreciable amount of the isomeric ^y-unsaturated 
acid is often formed: 

R CHj CHa-CH .* 0 + CH,(CO,H)j R CH, CHj, CH :CH‘CO,H 

R CH. CH.'CH CH, 00,11. ^ 

y ^ 

(J. C. S., 1931, 740.) 

Constitution and Isomers , — The constitution of the unsatu- 
rated acids, CuH 2 n .. 2 O 2 , follows from their behaviour as mono- 
basic acids and as unsaturated compounds, and the position 
of the double bond is ascertained by the process of oxidation. 
The number of isomeric acids, CniH2m-i‘C02H, is the same as 
the number of isomeric unsaturated alcohols, Cnin2m-rOH‘ 

Acrylic acid, propene acid^ ethylene-carboxylic acid, CHg’.CH* 
CO 2 H {Redtenbdcher), is prepared by the oxidation of acrolein 
by oxide of silver, or by the distillation of ^-iodopropionic 
acid with oxide of lead. (Cf. mode of formation 3.) It is very 
similar to propionic acid. Mixes with water and readily poly- 
merizes. It is reduced to propionic acid when warmed with 
zinc and sulphuric acid, and is decomposed when fused with 
alkali into ace tic and formic acids. 

Acids, C4H(j 02. Four isomeric acids with this formula are 
known. 1. Ordinary or solid crotonic acid (2-BufenA-acid), 
CHg-CH : CH'COgH, occurs along with isocrotonic acid in crude 
pyroligneous acid, and is prepared from allyl iodide by means 
of the cyanide, which, instead of having the anticipated formula, 
CHgtCH-CHa-CN, has the isomeric one, CH 3 CH :CH-CN; this 
affords another example of molecular transformation. 

It is also prepared by heating malonic acid with para- 
aldehyde and glacial acetic acid: 


CH 3 CH 



H 3 O + CO, -f ch, ch:ch cOaH. 


It crystallizes in large prisms, melts at 72°, boils at 189°* has 
an odour like that of butyric acid, and is fairly soluble in 
water. On reduction it yields n-butyric acid, and on careful 
oxidation, oxalic acid, hence the constitution. 

2, Isocrotonic acid, CHa CHzCH-COaH, obtained by the 
action of sodium amalgam upon chloro-isocrotonic acid, melts 
at 16°, boils at 172°, and changes into ordinary crotonic acid 



190 


VI. MONOBASIC FATTY ACIDS 


at 180°. It is present in croton-oil. For preparation of the 
pure acid see Morrell and Bellars, J. C. S., 1904, 345. 

Isocrotonic acid was formerly regarded as CH2:CH*CPl2‘ 
CO2H, but it shows almost the same chemical behaviour as 
crotonic acid, e.g. on reduction and oxidation, or on addition 
of hydrogen bromide, and is now regarded as having the same 
structural formula as, but being stereo-isomeric with, solid 
crotonic acid. (Cf. Fumaric and Maleic Acids, Chap. X, B.) 

3. Meth - acrylic acid, 2 - methyl - 2 - propeiic - 1 - acid, 

^.CH3 

CH2 :Cc , is found in small quantity in Roman chamo- 

^CO^H 

mile oil, and may be obtained by the withdrawal of HBr from 
bromo-isobutyric acid : 

^.CH3 /CH3 

CHa-CBi/ -^CH,:C< 

XX), II 

It smells like decaying mushrooms, and melts at 15°. 

4. Vinyl-acetic acid, CHg : CH CHg COgH, 3-BufeneA-acid, 
may be obtained synthetically. 

Angelic acid, CHa-CH : C(CH3)C02H, is ])resent in the an- 
gelica root, and, together with its stereo-isomer, tiglic acid, in 
Roman chamomile oil. The relationship of these two acids 
is exactly the same as that of crotonic and isocrotonic acids. 

Oleic acid, CigH3402 {Chevreul), is present as olein (glyceryl 
oleate) in the fatty oils especially, e.g. olive, almond, and train 
oils. It is a colourless oil, solidifies to white needles in the 
cold, melts at 14°, and cannot be volatilized without decom- 
position. It is tasteless and odourless, and has no action 
upon litmus, but quickly becomes yellow and acid by oxi- 
dation in the air, and also acquires a rancid odour. Its lead 
salt is soluble in alcohol or ether, and by this means the acid 
may be separated from numerous other organic acids. It yields 
on fusion with potash, the saturated acids, palmitic and acetic. 
Nitrous acid converts it into the stereo-isomeric crystalline 
elaidic acid, melting at 45°. It contains a normal chain, 
since on reduction it yields stearic acid. When carefully 
oxidized, it yields peliurgonic acid, CH8*(CH2)7*C02H, and 
azelaic acid, C02H*(CH3)7*C02H, and hence the constitutional 
formula: CH3*(CH2)7'CH:CH‘(GIl2)7’C02H. Octadec-A®-ene- 
1-acid. Isomers containing the olefine linking in a different 
position are known, e.g. A®-acid. 
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Enicic acid, C 22 H 42 O 2 , occurs iu rape-seed oil, melts at 33®, 
and on treatment with nitrous acid yields the stereo-isomeric 
brassidic acid, melting at 60®. The*, constitution is probably, 
CH 3 [CH 2 ] 7 *CII : Ci^CHglipCOgH. For the stereo-chemistry 
of the unsaturated acids see Chap. X, B. 

C. Propiolic Acid Series, CnH 2 n i02 

The acids of this series again contain two atoms of hydrogen 
less than those of the former, and are to be regarded as car- 
boxylic acids of the acetylene hydrocarbons, e.g. propiolic acid, 
CH-C-COgH, as acetylene-carboxylic acid. They can ac- 
cordingly be prepared by the addition of COg to the sodium 
derivatives of the acetylenes (analogously to mode of formation 
4 of the saturated acids, p. 167). 

They closely resemble the unsaturated acids which have been 
already described, but differ from them by the fact that each 
molecule of such an acid can combine with either 2 or 4 atoms 
of hydrogen, chlorine, bromine, &c., and can yield explosive 
compounds with ammoniacal silver and copper solutions. 
There are, however, acids of the formula CnH 2 n~ 4 C >2 which do 
not possess this last peculiarity, viz. those which are derived 
not from the homologues of acetylene proper, but from their 
isomers, and which therefore contain two double bonds instead 
of a triple one. (Compare Acetylene Hydrocarbons, p. 53.) 

The most important member of the series is propiolic or 
propargylic acid, propine acid, CHiC-COoH, which corre- 
sponds with propargyl alcohol, and is prepared by warming 
an aqueous solution of the acid potassium salt of acetylene-di- 
carboxylic acid, the latter being itself obtained from dibromo- 
Buccinic acid (see Chap. X, A., also B., 1885, 1677), or by the 
addition of COg to sodium acetylene, 

CH : CNa 4 CO2 -V CH : C CO.Na, 

yield 93 per cent. In its physical properties it resembles 
propionic acid, forms silky crystals below 18®, and boils at 
144®. It is readily soluble in water and alcohol, and becomes 
brown in the air. It gives, even in dilute solution, the charac- 
teristic explosive silver precipitate. 

Tetrolic acid, CHa'ClC-COgH, is obtained from j 8 -chloro- 
crotonic acid and aqueous potash, and melts at 76®. 

Sorbic acid, CHa-CHtCH-CHtCH COgH, is contained in 



D. Halogen Substitution Products of the Monobasic Acids 

The saturated monobasic acids yield halogen substitution products, e.g. : 
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the juice of the unripe sorb apple (Sorbus Aucuparia), and has 
relatively high melting- and boiling-points. 

Highly unsaturated normal acids, e.g. linolic, 
diolefine acid, and linolenic, trioie^e acid, 

occur as glycerides in many oils (Chap. LV, D3). 

The unsaturated acids also yield similar substitution pro- 
ducts, e.g. CHg'.CCl-COgH, a-chlor-acrylic acid; CIIBr: 
CH-COgH, jS-brom-acrylic acid; CHg-CHrCCbCOsH, a-chlor- 
crotonic acid; CI;C-C 02 H, iodo-propiolic acid, &c. 

All these halogen derivatives have the properties of monobasic 
acids; in many respects they resemble the parent substances, 
but as a rule are much stronger acids, particularly with halo- 
gen atoms in the a-position. See value of K in Table D. 

Since their acid nature remains unaltered, they still contain 
the carboxyl group; the halogen has therefore replaced the 
hydrogen of the liydrocarbon radical. They may also be 
regarded as halide substitution products of the liydrocarbons, 
in which 1 atom of hydrogen is replaced by carboxyl : 

CHjCl (chloro-mcthane) CHjCi-COgH (chlor-acetic acid). 

The modes of formation and properties of these substituted 
acids support this view. Thus, as acids they yield salts, esters, 
chlorides, anhydrides, and amides, and as halides their halogen 
atoms are exchangeable for OH, CN, or SOgll, as are those 
of the alkyl halides. (See p. 66.) 

In the a-position the halogen is the most reactive, less so 
with the p- and even less in the ^/-position. 

Isomers ar)d Vonsiitution. — While in each case only one mono- 
di-, <fec., halide acetic acid exi.'^ts, two isomeric monohalide 
propionic acids are known. This is readily explicable from 
the fact that in propionic acid, CHg-CHg'COgH, the two a-hy- 

s o. 

drogen atoms are diflerently situated from the thrgp j3- ones, 
the former being attached to the carbon atom nearer to the 
carboxyl, and the latter to that one farther from it. According 
to theory, therefore, with which the observed facts agree, the 
following two isomers are possible: 

('Ha'CIIXOCbH and CH^XCHaCOsII. 

• a-Hahde-propionic acid ♦ /5-Haiide-propionic acid 

•The substituted acids may be termed a, v, &c., or the substituents 
denoted by numbers. In the latter case the a-substituted acid is always the 
^-substituted, i.c. a-chloropropionic acid is the 2-chloropropionic acid and 
the y-chloro acid i.s the 3-chloro acid as in the chain of the acid the C of 
the carboxylic acid is always No. I. 

(8 480 ) 
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These acids yield two isomeric lactic acids by exchange of 
their halogen for hydroxyl, thus: 

CirsCH(OH);CO,H and CTlg(Oil)CH2C02H. 

Common lactic acid Ethylene-lactic acid 

The constitution of both of these lactic acids follows from 
their other modes of formation (Chap. IX, A.). The positions 
of the halogens in the a- and jS-substituted propionic acids 
are thus also fixed. 

Those substituted acids which contain the halogen attached 
to the a -carbon atom, i.e. to the same carbon atom to which 
the carboxyl group is united, are termed a-acids, and the others 
jd, y, &c,y acids, the successive carbon atoms in their order 
from the carboxyl group being designated as a, y, &c. 

Two stereo -isomeric forms of the a- or p- mono-chloro- and 
-bromo-crotonic acids are known (A., 248, 281), being derived 
from crotonic and isocro tonic acids re8j)ectively. 

Formation. — (a) Of the saturated substituted acids. 

1. Chlorine and bromine can substitute directly, the halogen 
taking up the a-position to the carboxyl. 

The reaction is often carried out in sunlight and in the 
presence of a halogen carrier, usually iodine. One of the com- 
monest methods is to transform the acid into the acid bro- 
mide by the aid of phosphorus and bromine, and then to 
brominate. The product obtained, e.g. CIIg-CHBr-COUr, on 
treatment with water yields the a-bromo acid, CHa'CTIBr-COgH. 
This is generally known as the Uell-Volkard- Zelinsky Hicthod. 
Trimethyl-acetic acid, CMe3*C02H, which contains no a- 
hydrogen atom, cannot be brorainated in this manner (B., 
1890, 1594) (Chap, LIII, A.). 

An a-bromo substituted fatty acid can be formed by bro- 
minating a mono-alkyl substituted malonic acid and sub- 
sequent heating when COg is liberated: 

C,H5CBr(C02H)2 CjHs CHBr COjH. . 

2. From hydroxy acids of the glycollio series by the action 
of PCI5 , HBt, &c., e.g.: 

CH3 CH2 CH(0H) C0,H CH,-CH, CHa C0jH. 

3. By the addition of halogen or halogen hydride to the 
unsaturated acids. Thus acrylic acid and HI yield )8-iodo 
propionic acid. 
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4. An iodo-acid can frequently be obtained by heating a 
chloro-acid with a solution of potassium iodide. 

(6) Of the unsaturated substituted acids. These are often 
prepared by the elimination of HCl, HBr, or HI from poly- 
halogen derivatives of the fatty acids by the aid of dilute 
alkali : 

CHa-CHBr-CHBr CO^H CH^ CH : CBr CO,H, 

or by the addition of hydrogen halide to propiolic acids. 

Behaviour. — 1. For the replacement of chlorine, bromine, 
and iodine by hydroxyl, see Chap. IX, A, This exchange takes 
])lace with more difficulty in the a-monochloro-substituted 
acids than in the corresponding bromine and iodine com- 
pounds, but more easily than in the case of the alkyl chlorides, 
and it is effected by means of moist silver oxide, or frequently 
by prolonged boiling with water alone (A., 200, 75). In this 
way, monochlor-acetic yields glycollic acid; 

CH^Cl'COjH f HaO - OH CIIa COaH -f HCl. 

jS-halogenated acids, on the other hand, lose halogen hydride 
when boiled with water, and yield unsaturated acids, together 
will) COg and olefines Cjj__jH2ii„2* y-halogenated acids break 
up under these conditions (even with cold soda solution) into 
HCl, <fec., and a lactone, i.e. an anhydride of a y-hydroxy-acid 
(Chap. IX, A.; cf. Fittig, A., 208, 116). 

2. When boiled with an alcoholic solution of potassium 
cyanide, cyano-fatty acids * are produced. 

CHjCl COjK -f KCN CN CHj COaK -f KCl. 

These compounds are on the one hand monobasic acids, 
and on the other nitriles, and they consequently yield dibasic 
acids when hydrolysed. In the above case malonic acid, 
COgH-CHa-COgH, is formed. 

3. They form sulphonic acids with sodium sulphite, e.g.: 

CH,Cl-CO.Na + Na-SOaNa - NaSOs CHa COaNa + NaCL 

These latter compounds are dibasic acids as they contain 
both COgH and SO3H groups. Their sulpho-groiip can, 
however, be replaced by OH on boiling with alkalis. 

4. With AgNOg, under favourable conditions, nitro-deriva- 
tives of the fatty acids are formed, and these yield amino- 
acids on reduction, e.g. NH8’CH2‘C02H (B., 1910, 3239). 

• The8« can also be obtained by the addition of HCN to an olefine acid 
or ester (J. C. S., 1922, 1699). 
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Chloroformic acid, Cl-COgH, has so far not been prepared, 
although derivatives of it are known. (Cf. Chloro-carbonio 
acid.) 

The chlorinated acetic acids are formed by the direct sub- 
stitution of acetic acid, or better of acetyl chloride, chlori- 
nated acetyl chlorides ensuing in the latter case as inter- 
mediate products. 

Monochlor-acetie acid {Chloro-ethane acid), CHgCbCOgH, 
is prepared by chlorinating acetic acid, preferably in the pre- 
sence of acetic anhydride, sulphur, or phosphorus. It forms 
rhombic prisms or tables and corrodes the epidermis. Di- 
chlor>-acetic acid, CHCIg-COgH, is more conveniently ob- 
tained by warming chloral hydrate with potassium cyanide 
(B., 1877, 2120), and trichlor-acetic acid, 0013*00211, by 
oxidizing chloral hydrate with nitric acid. The former de- 
composes with boiling alkali to oxalic and acetic acids, and 
the latter to chloroform and carbon dioxide. Inverse sub- 
stitution reconverts tri-, di-, and monochlor-acetic acids into 
acetic acid (Melsens, 1842). 

Solpho-acetic acid, SO3H*0H2*0()2H, forms deliquescent 
prisms containing lit mols. HgO of crystallization. Its salts 
crystallize well. Cyano-acetic acid, CN^OHa-COgHj ^ 
crystalline substance melting at and readily soluble 

in water; it decomposes into aceto-nitrile, CHg-CN, and COg 
when heated, and yields maionic acid on hydrolysis. 

a-Chloropropionic acid, CH3 CHCI CO2H, is obtained by 
the action of PCI5 upon lactic acid, and decomposition of the 
lactyl chloride, CHa'CHCbCOCl, by water. The j3-chloro- 
and bromo-acids are obtained from trimethyleneglycol (Chap. 
VIII, A.). / 3 -iodopropionic acid, CH2I CH2-C02H, is prepared by 
the action of PI3 on glyceric acid, CH2(0H)*CH(0H)-C02H (ex- 
change of 20H for 21 and of I for H ; also by acting on acrylic 
acid with hydriodic acid. It forms colourless six-sided tables of 
a peculiar odour; m.-pt. 82'*. The two cyanopropionic acids, 
C2H4(CN)*C02H, give the two succinic acids when hydrolysed. 

Chloro- and Bromo-crotonic acids, /i-Chloro-crotonic acid 
(i-Chhro-2-hitene add) (m.-pt. 94"^) and the stereo-isomeric 
/^-Isocliloro-crotomc acid (m.-pt. 59*5®) are formed by the 
action of PCI5 on ethyl acetoacetate, and treatment of the 
product with water. The j9-chlor-iso-acid volatilizes with 
steam, but the /5-chloro-acid does not. 
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VII. ACID DERIVATIVES 


A general idea of the types of derivatives to which acids 
give rise is obtained by comparing these derivatives with cor- 
responding derivatives of the saturated monohydric alcohols, 
e.g. those of acetic acid with those derived from ethyl alcohol: 


ClCCIfjOlI Alcohol. 
CH3‘('lf2‘()Na Sodium elhoxide. 

yo Kthvl ether. 

CHa'CHa Cl Ethyl chloride. 

(TlgCTIgSU M(*T(^aptan. 

( dia-Ollj-Nlla Ethylamiiie. 


CHa'CO'OH Acetic acid. 
('H.,‘('0‘ONa Sodium acetate. 
CliadXh 

No PXhvl acetate. 
CdlaCIIg/ 

‘())^0 Acetic anhydride. 
CHjj (/()•( i Acetyl chloride. 

ClIa C'O'SH Thiacetic Acid. 

CHjCONHa Acetamide. 


It is seen that as regards fonnulai there is a close re.sera- 
blarice, the acetyl groiij) taking the i)lace of the ethyl group. 
Stated generally, the acid derivatives contain acyl radicals in 
place of the alkyl groups contained in the corresponding 
derivatives of alcohols. 

These derivatives are obtained by methods many of which 
are ])erfectly anafogous to the modes of formation of the cor- 
responding alkyl derivatives, but they difler characteristically 
from these by being less stable towards hydrolysing agents. 

A number of other derivatives, viz. amido- and imido- 
chlorides, thiamidcs, imido-thio-compounds, and amidiiies, are 
peculiar to the acids: 


CHa CCh-NHR* Amidn-chlorides. 
CHa'CCl : NR Imido-chlorides, 
CHj-CS-NHj Tbiamides. 


0H3*C(0H)INH Imino-compounds. 
CH,-C(SH):NH Imino-thio- „ 
CH3 C(NH,) : NH Amidines. 


These compounds are also characterized by being readily 
hydrolysed. 


A. Esters of the Fatty Acids 

Mineral acids readily give rise to esters by the replacement 
of their acidic hydrogen radicals by alkyl groups, e.g. S02(0H)2 
~>SOg(OEt)j (Chap. IV, C.). In exactly the same manner 


• R aignihes an alkyl or aryl radical. 
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by replacing the typical hydr<.)gen of the hi tty acids by alkyl 
groups, esters derived from the fatty acids, e.g. ethyl acetate, 
CHg'COaEt, are obtained. Since these esters corrcvspond with 
the metallic salts, they are sometimes termed alkyl salts. 
(Cf. CHg-COgK and CHg-COgEt). 

Methods of Formation, — 1. By direct esterification, i.e. by 
direct action of the acid on the alcohol: 

CHa-CO OH -f Na OH - CII 3 CO ONa 4 H OH 

CH 3 CO OH + - CH 3 CO OC 2 n 5 4 H OH. 

Although the equation representing the reaction is analogous 
to that representing the neutralization of acetic acid by an 
alkali, the process of esterification differs from that of neutrali- 
zation in three respects. 

(1) The reaction proceeds but slowly; thus, in the esteri- 
fication of acetic acid by ethyl alcohol the limit of the reaction 
at the boiling-point is not reached until after the lapse of 
several hours, and even then only two-thirds of the acid have 
been transformed into ester. 

(2) In the equation k = when the reaction is 

instantaneous as in neutralization E the energy of activation 
is zero, but in other cases as in esterification, E has a 
definite value, for esterification 10,200 grn. cal. 

(3) The reaction is a reversible or balanced one, and hence 
is never complete. The water which is formed during the 
process of esterification tends to hydrolyse the ester back into 
acid and alcohol; 

CHa'CO OH + CjjHa'OH ^ CH 3 CO OCjHj 4 H OH. 

Esterification Hydrolysis 

Thus, when equivalent quantities of acetic acid and ethyl 
alcohol are employed, only some 66 per cent of the acid be- 
comes transformed into ester. It can readily be shown, by aid 
of Guldberg and Waage's law of mass action, that by employing 
an excess of alcohol a larger proportion of acid will be con- 
verted into ester. Thus, in the above equation, if the original 
concentrations of the four substances expressed in gram mole- 
cules be denoted by a, 6, 0 and 0, and the velocity constants 
of the direct and reverse reactions by ki and k^ resiiectively, 
then after time t equilibrium will be established; and if x gram 
molecules of acid have been csterified, then the concentra- 
tions of the four substances will be a ~ x, 6 x, ® and x. 
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The rate of the direct reaction can be denoted by \ (a — x) 
(h — x), and that of the reverse by (Guldberg and 

Waage). When equilibrium is established, the two reactions 
will proceed at the same rate, and 

k^{a ~ x) {b — x) ^ 

or constant for a given temperature. 

In the case of acetic acid and ethyl alcohol, using gram 
molecular proportions, i.e. a ^ = 1, equilibrium is established 
when some two-thirds of acid are esterified. Thus 

(LniHLlJi constant. 

(f)’ 

and the constant becomes equal to J. 

By using 2 gm. molecules of alcohol to 1 of acid the equation is: 

(ij: 5 )r2 -jr) , _ 1 
“:2 - ' 4 * 

X ^ *85 (approx.), 

and thus 85 per cent of the acid will have been esterified in 
place of the 66 per cent when only 1 gm. mol. of alcohol was 
used. The reversible nature of the reaction is of especial 
importance in the preparation of ethyl acetate, and in this 
case the diflSculty is overcome by the addition of a moderate 
amount of concentrated sulphuric acid, which is ordinarily 
supposed to react with the water, and thus prevent its hydro- 
lysing the ester. (Compare also Wade, J. C. S., 1905, 1656.) 

It is worthy of note that the limit of esterification does not 
vary to any large extent with the temperature. Thus, in the 
case mentioned above, the limit at 10° is 65'2 per cent, and at 
220° it is only 66-5 per cent. 

In order to increase the limit without using a large excess 
of alcohol, several methods for removing the water as it is 
formed have been adopted. One of these is to distil over 
the water and excess of alcohol into anhydrous EgCOg, which 
combines with the water, and then to distil the alcohol back 
on to the acid. (J. C. 8., 1929, 1707.) 

Another method is to form a ternary mixture of low boiling- 
point by adding a suitable solvent and by distillation removing 
the water (Org. Syn., 1922, 23; 1930, ^), 
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With most of the higher esters and more especially the 
esters in the aromatic series, the limit of esterification is much 
higher, as the esters are not so readily hydrolysed. In these 
cases, however, the rates at which the esters are formed are 
extremely slow, and a catalytic agent is therefore introduced. 
The two common catalytic agents employed are: (1) A small 
amount of dry hydrogen chloride. At one time it was cus- 
tomary to saturate the boiling alcoholic solution of the acid 
with hydrogen chloride, but the researches of E, Fischer and 
Speier (B., 181*5, 3201, 3252) have shown that the addition 
of 3 per cent of dry hydrogen chloride to the alcoholic solu- 
tion is quite sufficient. (2) A small amount of concentrated 
sulphuric acid, which acts in much the same manner as the 
hydrogen chloride. Thcvse reagents do not raise the limit of 
esterification, but accelerate the production. In most cases 
using the catalytic method at the boiling-point of the alcohol, 
the reaction is complete after three hours, and a 90-95 per cent 
yield of ester can be obtained }>y jxmring into water. 

A number of researches have been made as to the influence 
of the constitution of the acid and of the alcohol on the rate 
of esterification, i.e. the amount of ester formed in unit time. 
Menschutkin, who employed the direct esterification method 
without a catalytic agent, i.e. the so-called auto-catalyt»ic 
method, found that primary acids, i.e. R-CHg-COglT, were 
esterified most quickly; secondary acids, RR'CH *00211, were 
intermediate; and tertiary acids, RltTi^C-COgH, least readily 
when the same alcohol was employed. Other researchCvS tend 
to show that in the absence of a catalyst strong acids react 
with alcohol more readily than feeble acids; thus trichlor- 
acetic acid is esterified more rapidly than acetic acid. 

The process of catalytic esterification readily lends itself to 
study as a time reaction. By using a large excess of the alcohol 
and a known concentration of catalyst, the reaction should be 
one of the first order — a unimolecular reaction — and hence the 
equation = (I/O log{a/(a — x)}, where t is the time, a the con- 
centration of the acid at the beginning, and a — x the con- 
centration after time t* 

It is found that the values of k tend to diminish as t increases, 
due to the inhibiting action of the water formed on the catalyst 
and Goldschmidt and Vdby (Z. phys., 1907, 60, 728) have intro- 
duced a modified formula h — (l//)(f + a) log {a /(a — x)}, where 
f is a constant 0-16 for ethyl alcohol. 
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By determining the relative rates of esterification of fatty 
acids with the same alcohol it has been shown that the pre- 
sence of any substituent in the acetic acid molecules tends to 
retard esterification. (Cf. Chap. XXXVI, Steric Effects, Steric 
Hindrance.) 

The influence of tlie hydrogen chloride is purely catalytic; 
it remains unchanged at the end of the reaction. Its catalys- 
ing effect is partly due to the hydrions it generates, as strong 
acids (HCl, HBr) are much better catalysing agents than 
weaker acids (picric acid), but also to the undissociated mole- 
cules. (Cf. Goldschmidt, B., 1895, 28 , 3218; Z. elect., 1911,17, 
684; Snethlage, Zeit. phys., 1915, 90 , 142. 

Ultra-violet light accelerates the reaction between organic 
acids and alcohols (B., 1914, 1803). 

2. By the action of an acid chloride upon an alcohol or its 
sodium compound (Chap. VII, B.). 

CU, CO Cl 4- CjHj OH « CHj CO-O CaHs 4- HCl. 

3. By the action of alkyl halides upon salts of the acid: 

C 2 II 5 CI + CHaCO ONa - CHa COBCaH^ + NaCl. 


Individual acids are often characterized by forming their 
^j-nitrobenzyl esters by the action of jo-nitrobenzyl bromide, 
N02'CgH4*CH2Br on the sodium salt of the acid {Reid, J. A. C. S., 
1917, 124). 

As a rule, an alkyl iodide and the silver salt of the acid are 
employed. The ester can then be separated from the solid 
silver iodide and distilled. Occasionally the potassium salt 
and methyl sulphate are used. Reactions 2 and 3 are of very 
general application, and are largely made use of when an ester 
cannot readily be obtained by the catalytic method of esteri- 
fication. 

4. Esters may also be made catalytically in the vapour 
phase from the acid and alcohol with a metallic oxide at 280- 
300^ (cf. Chap. XLIX, E.). 

A modification is the direct formation from an olefine and 
acetic acid in the vapour phase at 110° using carbon activated 
by phosphoric acid as catalyst, e.g. propylene and acetic acid 
yield wo-propyl acetate. 

5. Certain esters are formed from aldehydes by the action 
of altmiinium ethoxide; cf. p. 88; e.g. ethyl acetate from 

( B 480 ) 8 • 
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acetaklehyde with alnininiuin ethoxide and zinc chloride in 
ethyl alcoholic solution. 

6 . Primary alcohols yield e.sters, e.g. butyl alcohol gives 
butyl butyrate and ethyl alcohol ethyl acetate when the alcohol 
vapour is passed over a complex catalyst containing IJ, Ba, 
Ag, Cu and Al at 250 and 200 atm. pressure. Probably 
jin aldehyde is first formed by dehydrogenation and this 
yields the ester. 

Properties, ~Tht‘ esters are mostly neutral li([uids which 
volatilize without decomposition; only those which contain a 
small number of carbon atoms in the molecule are soluble in 
water, e.g. etliyl ai ^tate (I : 14). 

1. Hytolysis. They arc ail hydrolysed (saponified), i.e. 
resolved back into alcohol and acid, when heated, or better, 
superheated, with water, or when boiled with aqueous soluticms 
of strong alkalis or mineral acids; with some esters this hydro- 
ly.sis is complete when the ester is allowed to remain for some 
time in contact with water or dilute alkali. 

The hydrolysis of an ester under the influence of water or 
of mineral acids may be represent(‘(l by the equation: 

KCOaR' i H OH - R CO.H 4 R' OIl, 

and may ])e studied by the aid of the general equation for 

a uni-molecular reaction, k — log ^ , since the coneen- 

t a ~ X 

tration of the water, if a large excess is used, may be regarded 
as constant. 

The action of the mineral acid is jmrely catal}Tic. The 
same result might ultimately be ol>tainod by using water alone, 
but is considerably accelerated by using a small amount of 
a strong mineral acid (HCI, H 2 SO 4 ). Weak acids also ac- 
celerate the hydr(^ysis of the ester, but to a less extent. It 
has been found, using the same ester and equivalent (piantities 
of different acids, that the rate of hydrolysis is directly pro- 
portional to the strength of the acid. In other words, the 
catalysing influence of different acids is due to the hydrions. 

The hydrolysis of an ester by alkalis is represented by the 
equation: R^^CO OR' + NaOH - R-CO-ONa -f IP-OH, and 
as it is analogous to the preparation of soaps by the action of 
alkalis on fats (p. J84), is commonly termed Saponification. 
This is a bimolecular reaction, and if equivalent quantities of 
ester and alkali are employed in solution, can be studied by 
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aid of the equation k ^ • - , where t ^ time, a — initial 

^ t a(a - x) 

concentration of alkali and of ester, a — x ~ concentration of 
these after time t. The concentrations can readily be deter- 
mined by direct titration with standard acid. 

It has been found that when different alkalis are employed, 
their hydrolysing effect is proportional to their strengths, i.e. 
is due to the free hydroxyl ions. Different esters are hydro- 
lysed at very different rates by the same alkali; the rate 
appears to depend on the complexity of the molecule, i.e. 
the number of substituents present, and also on the nature 
of these substituents, vi7:. whether they are of a positive or 
negative nature. It has been found that CCl^-COgCgHg is 
hydrolysed by alcoholic potash much more readily than ethyl 
acetate itself, owing to the negative nature of the chlorine sub- 
stituents, (Compare A., 228, 257: 232, 103; J. C. S., 1899, 482.) 

In all cases it has been found that, comparing eolntions of 
equal strength, e.g. N/10, a strong alkali is a much better 
hydrolysing agent than a strong acid. 

2. A characteristic reaction of methyl and ethyl esters is 
that they exchange OMc (methoxy) or OEt (ethoxy) groups 
for NHg on treatment with strong ammonia, thus yielding 
acid amides, e.g. CHg-CO-NHg. 

3. Phosphorus pentachloride decoiu}) 0 .ses most esters, yield- 
ing an alkyl chloride and an acyl chloride, the 0 of the -OEt 
group being replaced by two chlorine atoms. 

4. Ethyl esters are readily transformed into methyl esters, 
R’COgEt -> R*C 02 Me, by winning with methyl alcohol and 
a catalyst (CIIgONa, H(^I). The reaction is reversible, holds 
good for other alcohols, and is termed alcoholysis. 

5. Esters react with Grignard compounds forming tertiary 
alcohols (Chap. IV, H.). 

6. They can be reduced to primary alcohols by sodium 
and boiling ethyl or amyl alcohol {Bouvcault and Blaize). 

7. Sodium methoxide combines with the esters to form un- 

.ONa 

stable additive compounds, R-Cc^OCHg. which are derivatives 

\OR/ 

of “ ortho-acids (See p. 166; also 11, 1887, 646.) 

The odour and taste of many of the esters are so agreeable 
that they are manufactured upon a large scale, and employed 
as fruit essences. 
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Ethyl formate, H-CO-OCgTIg, b.-pt. 55®, is employed in 
the manufacture of artificial rum or arrak. Ethyl acetate, 
acetic ether, CHg-CO-OCgHj, b.-pt. 75°, is used internally as 
a medicine. Amyl acetate, CHg-CO-OCgHn, b.-pt. 148°. The 
alcoholic solution of this forms the essence of pears. Ethyl 
butyrate, CHs(CH 2 ) 2 CO'OC 2 H 5 , is the essence of pine-apples. 
Iso-amyl iso-valerate, C 4 H 2 CO*OC 5 Hii, b.-pt. 196°, finds 
application as apple oil or apple ether. Cetyl palmitate, 
CwHai CO-OCigHga, ceryl cerotate, CgsHgi-CO-OCgeH^a, and 
melissic palmitate, Ci 5 H 3 j-CO- 0 *C 3 oHgj, are constituents of 
waxes. (See Wax Varieties, p. 183.) 

Ethyl acetate, which is used as a solvent and also for the 
preparation of ethyl aceto-acetate (Chap. IX, IT), is usually 
prepared from alcohol, acetic acid, and an excess of sulphuric 
acid. Another method consists in passing aldehyde (pre- 
pared from acetylene) into a solution of aluminium ethoxide, 
Ai(OEt) 3 , in a Ingh-boiling solvent. The yield is 85 j)er cent 
of the theoretical and the consumption of aluminium ethoxide 
is only 3-5 per cent (C. Z., 1918, ii, 693). 

Continuous methods are often employed. (1) Making use 
of an azeotrope. It is necessary to add more ethyl acetate with 
the alcohol and acid as the azeotrope contains less water than 
is formed in the reaction and in this way all the water distils 
over with the ester. 

(2) By passing a mixture of alcohol and acid with 3 per cent 
of sulphuric acid down the lower portion of a fractionating 
column, the ester mixture passes up the column and ethyl 
acetate with some alcohol passes into the receiver. 

Although the reaction between alcohol and acetic acid is a 
balanced one and the water formed tends to decompose the 
ester, Bodraux (C. R., 1913, 166 , 1079; 1914, 167 , 938) has 
shown that a 92 per cent yield of ethyl acetate is formed 
when a mixture of acetic acid and alcohol is boiled with a 10 
per cent aqueous solution of sulphuric acid, and the ester 
removed by distillation as fast as it is formed. Equally good 
results can be obtained with esters derived from other fatty 
acids and primary alcohols, provided the esters boil below 100°. 

Esters of the higher acids when distilled under atmospheric 
pressure decompose into an olefine and a fatty acid. (See p. 49.) 

n-Butyl acetate and wo-amyl acetate are manufactured for 
solvents for nitrocellulose paints and varnishes. 

Isomers . — ^All esters containing the same number of C atoms 
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in the molecule, and derived from the monohydric saturated 
alcohols and the fatty acids, are isomeric. Thus methyl buty- 
rate is isomeric not only with ethyl propionate but also with 
propyl acetate and with butyl formate. Further, all esters 
are isomeric with the monobasic acids which contain an equal 
number of carbon atoms, e.g. the esters just mentioned are 
isomeric with the valeric acids. 

Further cases of isomerism occur when the alcohol on the 
one hand, or the acid on the other, is unsaturated, e.g. allyl 
propionate and propyl acrylate. 

Particular esters are often detected by conversion into 
their corresponding anilides by treatment with anilino-mag- 
nesium bromide, Cgllg-NH-MgBr, from aniline and EtMgBr. 
{Hardy, J. C. S., 1936, 198.) 


B. Acid or Acyl Chlorides, Bromides, &c. 

Acyl chlorides are the compounds derived from the acids by 
the replacement of the hydroxyl group by chlorine: 

R CO-OH -> R CO Cl. 

1. They are usually prepared by the action of the chlo- 
rides of phosphorus, PCI3, PCI5, upon the acids. 

C\H, CO OH ^ PCb « C,H, CO Cl + POCl. + HCl. 

The acid chloride is separated from the POCI3 formed at the 
same time by fractional distillation. In the case of acetic acid 
PCI3 is conveniently used: 

3CH, CO OH + PCI, » 3CH, CO Cl + PO,H,. 

A recent process is the action of PCI3 on a mixture of acid 
and acid anhydride. No HCl is evolved, and an 85 per cent 
yield of acid chloride is obtained. E.P., 26140 of 15, iii, 1926. 

Phosphorus oxychloride, POCI3, reacts with the alkali salts 
of the acids; the products are the acid chloride, and an alkali 
chloride and metaphosphate. When an alkali salt is used, an 
acid anhydride is formed in the absence of excess of the phos- 
phorus halide (Section C., below). 

Thionyl chloride is very frequently used in place of chlorides 
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of pliosphoruri as ihi^ acid (‘lilorido is roadily isolated (M' Master 
and Ahmanii, J. A. C. S., 1928, ld5). 

R CO OH ^ SOd. > K-('O Cl 4 80, ! IK^l. 

2. By the action of chlorine upon the ahhdiydes in the 
absence of water: CIVCHO 4- Clg - CHg-OOCl* f H(1 

The l)roiuides and iodides can be obtained by the action of 
HBr or HI on the chlorides. 

rwpcrfics. — Tlie acid chlorides arc suilocating liquids which 
fiunc in the air, distil without decomposition, and are recon- 
verted by watt;r, in many cases at the ordinary temperature, 
into the corresponding acids and hydrochloric acid: 


They are thus more readily decomposed than the alkyl 
chlorides. When the chlorides are warmed with alcohols, the 
chlorine is replaced by alkyioxy grou])s, e.g. OCTI^, OCoHr,, 
and in this way esters are formed. With ammonia they yield 
acid amides, K-C’O'NHg. With the sodium salts of the fatty 
acids they yield acid anhydrides. With organo-magnesium 
compound they first form ketones, and then tertiary alcoliols 
(pp. 80 and Ml). With silver cyanide acyl cyanide*, s (e.jz. 
CHg-CO-CN, ac(‘tyl cyanide) are formed, and these (m hy- 
drolysis with concentrated hydrochloric acid yield keton»c 
acids, CHg-CO-COOH. 

The acid chlorides can be rt'garded as aldehydes in which 
the hydrogen atom of the *011:0 group has been replaced 
by chlorine. As such they can be reduced to the aldehydes, 
and the most convenient method appears to consist in passing 
a current of hydrogen into a hot xylene solution of the chloride 
containing palladiuized barium sulphate in suspension as 
catalyst. (Rosemund, B,, mS, 1922,2357,2888.) 

Formyl chloride is not known. 

Acetyl chloride (Elhanoyl chloride)^ CHg-COCl, is a mobile, 
colourless liquid of suffocating odour. Boils at 55"^, has a 
sp. gr. 1-13 at 0"^, reacts extremely vigorously with water and 
ammonium hydroxide, and is a reagent of exceptional im- 
portance, since it serves for the conversion of the alcohols and 
primary and secondary amines into their acetyl derivatives. 
It is thus frequently used for detecting OH, NHg or NH 
groups in organic compounds. The compound under exami- 
nation is heated with acetyl chloride (or even better, acetic 
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anhydride), and the pure product either analysed or hydro- 
lysed, and acetic acid tested for in the products of hydrolysis 
(cf. Chap, vin, C.). 

With hydroxyl compounds the H of the OH becomes re* 
placed by the acetyl group and a compound R*0-C0-CHjj, 
viz. an alkyl acetate is formed. 

When several hydroxyl groups are present in a molecule, 
as in glycerol, it frequently happens that most of these be- 
come replaced by acetoxyl and one by chlorine. For complete 
acetylation acetic anhydride is ])referable. 

Acid bromide.s and iodides closely resemble the chlorides. 
Their boiling-points are higher. 


C. Acid Anhydrides 

Corresponding with the monobasic fatty acids there are an- 
hydrides, which may be regarded a.s derived from two molecules 
of the acid by the elimination of a molecxile of water, e.g. : 

CHa-COOH CH3CO, 

>0 -f HaO. 

CHa-CO-OH CHa-CO^ 

They may also be considered as acyl oxides. For instance, 
(0113-00)20 == acetyl oxide. 

Preparation. — 1. I’liey can be o]»tained by the direct with- 
drawal of water from the acids, e.g. by passing the acid over 
silica gel with or without another catalyst at 550-600'^ or over 
fused phosphate in gra]>hite containers. 2. Hy the action 
of acid chlorides upf)u tlie alkali salts of the acicLs: 

CHa-CO icn + NajO TO-CHj - ((ma'COlaO + NaCl. 

A very convenient method for })repa.ring them is by the 
action of phosphorus oxychloride on the sodium salts of the 
acids, c^rc being taken that sufficient of the dry sodium salt 
is used to decompose the acid chloride first formed (see p. 205). 

Thionyl chloride can be used instead of POCI3, an inter- 
mediate product, {R‘C0*0)2S0, is formed, and this breaks 
up into SO2 and (R*C0)20 when heated, or with excess of 
SOCI2 it yields SOg and R*C0C1. {Denliam and Woodftouse, 
J. C. S., 1913, 1861.) 
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3. By the action of phosgene on the acids (B., 1884, 1286).’ 

2CH3 CO OH + COCl, - (CH,-C0)80 + CO, + 2HC1. 

4. The anhydrides of the higher acids are often prepared 
by the action of acetic anhydride on their sodium salts. 

Properties , — The majority of the acid anhydrides are liquids, 
but those of higher molecular weight solids of neutral reaction, 
and soluble in alcohol and ether. They are non-miscible with 
water, but are gradually hydrolysed by it to the free acids. 
Dilute alkalis decompose them readily. When warmed with 
alcohols they yield esters; with ammonia, acid amides; and 
with hydrogen chloride, free acid and acid chloride: 

(CHa-COlaO + HCl - CHj CO Cl + CH. CO OH. 

The boiling-points follow the order: 

R CO Cl < R CO OEt < R CO OH < (R C0),0 < R CO NH,. 

Compare analogous alkyl compounds. 

Acetic anhydride (CH3-C0)20, is a mobile liquid of suffocat- 
ing odour, boiling at 137®, and having a sp. gr. of 1*073 at 20®. 
Like acetyl chloride it is a reagent of great importance, and is 
largely made use of in testing for and estimating hydroxyl 
groups in carbon compounds, and for converting hydroxy-, 
amino-, and imino-compounds into acetyl derivatives, c.g. for 
manufacturing acetylcellulose for artificial silk. A cfitalytic 
method of manufacture consists in passing dry acetic acid 
vapour over dry BaO or ZnO at 250®~300® and fractionating 
the product. 

In preparing acetyl derivatives by means of the anhydride a 
small amount of a catalyst, e.g. concentrated sulphuric acid is 
frequently used. 

Mixed anhydrides containing two different acyl groups are 
also known {Gerhardt, Williamson)^ e.g. CgHgO-O'OCsHii. 
When distilled they yield the two simple anhydrides. 

Acyl peroxides have also been prepared. Acetyl peroxide, 
( 021130 ) 202 , is a thick liquid insoluble in water; it acts as a 
strong oxidizing agent, explodes when heated, and is prepared 
by the action of barium peroxide, BaOg, upon acetic anhydride. 
Numerous other peroxides have been prepared by Baeyer and 
VilUger (B., 1901, 738) by means of hydrogen peroxide in 
the presence of potassium hydroxide. Among the simpler 
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of these peroxides may be mentioned ethyl hydrogen per- 
oxide, CgHg-O-OII, a colourless liquid; diethyl peroxide, 
CgHg O O-CgHg, a liquid boiling at 65®; acetone peroxide, 
(C3He02)2, boiling at 132® ; and triacetone peroxide, (C3He02)3, 
melting at 97®. Many of these compounds are explosive. 

Such peroxides are formed by (1) The alkylation of hydrogen 
peroxide. (2) Treatment of alcohols, ethers, olefines, alde- 
hydes, acids, &c., with oxygen, ozone or perhydrol. (3) De- 
composition of ozonidcs (Chap. XLVIII, G.). 


D. Thio-acids and Thio -anhydrides 

The sulphur analogues of the carboxylic acids are: 

1. R-C^® 2. R C^ 3. R C^ 

\SH. \OH. \SH. 

Known respectively as thiolic, thionic, and thion-thiolic acids. 

Thiacetic acid (Eihane-thiolic acid)y CHg-CO-SH, is a colour- 
less liquid boiling below 100®; it smells of acetic acid and 
sulphuretted hydrogen, and is readily decomposed by water 
into these two components. It is prepared from acetic acid 
and phosphorus pentasulphide, PgSg. The other thio-com- 
pounds are also readily hydrolysed, yielding acetic acid and 
hydrogen sulphide. 


E. Acid Amides and Hy dr azides 

Amides, — An acid amide is the compound derived from the 
acid by the introduction of the amido * group in place of the 
hydroxyl radical of the carboxylic group: 

U'CO OH R CO NH,. 

They may also be regarded as derived from ammonia by the 
replacement of a hydrogen atom by an acyl group, e.g. NHg* 
CO CH3. Secondary and tertiary amides, e.g. NH(C0-CH3)2, 

• The NH, group is usually termed an amino group token present in a ptimetry 
omine^ but an amido group when present in an acid amide. 
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and N(C0*CH3)3, are known, but are of relatively small 
importance, 

%lodes of Formation. — 1 . By the dry distillation of the 
ammonium salts of the fatty acids: 

CH3 CO ONH4 - CH3 CO NH, + H,0. 

2 . By addition of water to the alkyl cyanides (nitriles): 

CH 3 CN 4 HjO » CIIvCO NHa. 

This addition of water is frequently effected by dissolving 
the nitrile in concentrated sulphuric acid, or in acetic and 
concentrated sulphuric acids, or by shaking with concentrated 
hydrochloric acid in the cold; also, and often quantitativ(‘ly, 
by hydrogen peroxide, H2O2, in alkaline solution. In some 
cases a further addition of water occurs, and the ammoniuni 
salt of the acid is formed. 

3 . By the action of acid chlorides or acid anhydrides upon 
aqueous ammonia or solid ammonium carbonate; if amines 
are employed, in place of ammonia, alkylated amides are 
formed : 

CH3 COCI -f 2NH3 - CHs-CONH^ + NH/Jl. 

4 . By heating esters with ammonia solution, sometimes even 
on shaking in the cold: 

Clig-CO OCgHs + NHs =» CH3 CO NH2 4 C^IhOH. 

Properties. — 1 , With the exception of forrnamide they are 
colourless crystalline compoimds, volatile without decomposi- 
tion, but with relatively high boiling-points. The following 
comparison of boiling-points is interesting, as the order is the 
same for most groups : 

Acetyl Ethyl Acetic Acetic 

chloride ftcetate acid anhydride Acetamide 

Boiling-points 66*^ 78® 117® 137® 220® 

2 . The lower members are soluble in water, and although 
derivatives of ammonia, are, unlike most amines, practically 
neutral, the strongly positive character of the hydrogen atoms 
of the ammonia being cancelled by the entrance of the nega- 
tive acyl radical. Still, the primary amides are capable of 
forming additive compounds with some acids, e.g. acetamide 
yields the compound (C2H30*NH2)2HC1, aceta^de hydro- 
chloride”; these are, however, unstable, and are decomposed 
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for the inoHt part by water alone. On tljc other hand, the 
hydrogen of the anxido group can be replaced by particular 
metals, especially mercury (or sodium by the action of the 
metal or of sodamide), the salts probably having the structure 
R*C(ONa) : NH. The formation of such sodium salts is of value 
in the preparation of primary and secondary amines; cf. 
B., 1890, 3037 ; 1895, 2353), the amides, therefore, playing the 
j)art of weak acids in the compounds so obtained, e.g. mer- 
cury acetamide, (CH^ CONHlgHg. 

3. filydrolysis of Acid Amides. — The amides are readily 
hydrolysed, more especially by alkalis, to the free acid and 
ammonia. Alkylated amides on hydrolysis yield the acid (or 
sodium salt) and an amine (not ammonia). Amines are not 
decomposed by alkalis. 

CHs-CO NHCjHg + NaOH - CHa CO ONa + C^H^NHs. 

The velocity of hydrolysis of the amides of the common 
fatty acids has been determined by Crooker and Lowe (J. C. S., 
1907, 593 and 952), using an electro-conductivity method. 
With sodium hydroxide and also hydrochloric acid, formamide 
is hydrolysed most readily, and valeramide least readily. 

4. Nitrous acid converts the primary amides into the corre- 
sponding acids, with liberation of nitrogen: 

CH3 CO NH2 + NOgH - CH3 CO OH + N, + HgO. 

This reaction is a general one, and corresponds exactly with 
the action of nitrous acid upon the primary amines (p. 119). 

5. Nitriles (see p. Ill) are formed by heating with P40jio» 
F2S5, and PCI5 (see p, 214), 

6. If bromine in the presence of alkali is allowed to act 
upon primary amides, bromamides, R-CO*NHBr, e.g. CHg* 
CO-NHBr, aceto-bromamide (colourless rectangular plates), 
are first formed, and these are decomposed by the alkali into 
a primary amine, carbon dioxide and potassium hydroxide. 
If less bromine is used, ureii derivatives are formed, e.g. methyl 
acetyl-urea, CHg-NH-CO-NH-CO-CHg, which react with ex- 
cess of alkali, yielding primary amines — in this case CH^^NHa 
— containing 1 atom of carbon less than the original amide. 
This is an excellent method for the preparation of amines 
from Cl to Cg, but less valuable for those from Cg onwards, 
as in the case of the higher compounds the production of amine 
diminishes, a nitrile being formed instead by the further action 
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of the bromine (see below). Such nitriles CuHgn+i'CN, in 
which n > 4, can therefore be obtained directly from the amine 
by the action of bromine and alkali upon it, thus: 

H- 2Bra - -f 2HBr 

- C^IIij CN + 4HBr. 

(Reversal of the Mendius reaction, p. 117; cf. Hofmann, 
B., 1882, 407, 752; 1884, 1407, 1920; 1885, 2737.) 

The N-chloro derivative of akylated amides are of value 
as chlorinating agents when excess of Cl is deleterious as by 
the gradual addition of hydrochloric acid chlorine can be 
liberated gradually; 


CH3 CO NHCJI5 CHj CO NCl CeHj 
CHa CO NCl CsHs f HCl -> CHj-CO NH C.Hg + 2Cl. 


Since these nitriles on hydrolysis yield acids containing 
one atom of carbon less than the amide originally taken, this 
reaction renders it possible to descend in the series successively 
from one acid to another (compare p. 185), c.g. : 

CeHia-CHa-COjH CeHu CTIa CO NHa CeHia CHa NH* 

-> CJI^a CHa-KBr^ CeH^ CN CeHis CO^H. 

This has been done in the case of the normal acids from C 14 
to Cj, and it furnishes a further proof of their normal con- 
stitution. 

Constitution . — Most of the methods of formation and many 
of the properties of the amides point to the constitutional for- 
mula (I). A second formula is possible (II), in favour of which 
certain arguments have been adduced (B., 1889, 3273; 1890, 
103; 1892, 1435): 

.0 .OH 

(I) R C<f (II) K C(^ 

\NH,. ^‘NH. 

This last formula easily passes into the first by the migration 
of a hydrogen atom, and most of the reactions of the simple 
amides are explicable almost equally well by either formula. 
(Cf, Titherley, J. C, S., 1897, 468; 1901, 407.) 

Thus a single compound appears to possess, according to it-s 
reactions, two distinct formulae. Such a substance is usually 
termed a taatomerio substance (Chap. LllI). 
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On alkylation, under different conditions, it is possible to 
obtain two distinct types of mono-alkylated amides, viz.: 


(I) R ( 


.0 

NHR' 


and 



These differ as regards physical and chemical properties; 
they are isomeric. Compounds of type I closely resemble the 
original amides; compounds of type II are usually known as 
imino ethers, and differ to a large extent (this Chap., G.). 

Although esters contain the carbonyl group they do not 
form oximes with hydroxylamine, but yield hydroxamic 
acids : 

R CO OEt + NHa-On R CO NH OH + EtOH. 

Formamide (Methane-amide), HCO-NHg, is a liquid readily 
soluble in water and alcohol. It boils with partial decom- 
position at about 2 CK)'^. When quickly heated it decomposes 
into CO and NH 3 , and with phosphorus pentoxide it yields 
hydrocyanic acid. 

Acetamide, Ethane-amide, CHg-CO-NHg, forms long needles, 
readily soluble in water and alcohol. It melts at 82°, boils at 
222 °, and when pure has no odour. 

Di-acetamide, (CaH 30 ) 2 NH. M.-pt. 78°; b.-pt. 223°, 
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Just as ammonia by the introduction of acyl groups yields 
the acid amides, so hydrazine yields the acyl hydrazides, e.g. 
acetyl hydrazine or acet-hydrazide, ClIg CO-NH-NHg. They 
are formed by the action of esters on hydrazine. They are 
basic in character, are readily hydrolysed, and possess reduc- 
ing properties. With nitrous acid they yield acid azides, e.g. 


CHg-CON^ 


N . 

II , which are acyl derivatives of hydrazoic acid, 
N 


(N3H). (Cf. Curiim, J. pr., 1916, 94 , 273; 1917, 96, 168, 327.) 

All 4 hydrogen atoms in hydrazine can be replaced by acyl 
radicals in much the same manner as the 3 hydrogen atoms in 
the ammonia molecule can, e.g. tetra-acet-hydrazide, AcgN* 
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F. Amido -chlorides and Imido-chlorides 

By the action of PCIs upon the primary amides an ex- 
change of Clg for 0 takes place, giving rise in the first in- 
stance to the so-called amido-cUorides, e.g. acetdichloroamide, 
CHg-CCIa-NHg; these are extremely unstable compounds, 
being converted by water into amide and hydrochloric acid, 
and readily giving up HCl, with formation of imido-chlorides, 
e.g. CHj-CClrNH, acetchloroimide. The imido-chlorides are 
also relatively unstable, yielding with water the amide and 
hydrochloric acid. When heated, they break up into nitrile 
and hydrochloric acid. 

The alkylated amides (p. 210 ) also yield chioroaniides, e.g. 
CHgCO-NHC^Hs gives CH3CCI2NHC2H5, ethyl acet- 
chloroamide, and CHa-CO-NRg gives CHa-CCla-NKg; if tliese 
still contain amido-hydrogen, they readily yield imido- 
chlorides, e.g. CHa-CCl’.N Cgllg, ethyl acetchloroimide. 

The chlorine in these compounds is chemically active; it 
can be exchanged for sulphur or for an amino group. 


G. Thiamides and Imino-thio -ethers 

Thiamides are compounds derived from the amides by the 
exchange of oxygen for sulphur, e.g. CII^-CvS-NHgi thiacet- 
amide (ethane-thion-amide), CHg-CS'NH-CgHg, thiacetanilide . 
They are mostly crystalline compounds, and are formed by the 
addition of HgS to the nitriles {Cahours), e.g.: 

CH3 CN + HgS « CII3 CS NHjj; 

by treating acid amides with P2S5; from the amido-chlorides, 
as given above; and by the action of H2S or CS2 upon the 
amidines. Both simple and alkylated thiamides are known. 

When heated alone, they yield a nitrile and sulphuretted 
hydrogen (compare Elimination of Water from Amides). 
When hydrolysed with alkalis; they yield the corresponding 
acid, ammonia (amine) and H^S, thus: 

R CS NHR + 2H3O R CO OH + H,S -f NHj R, 

They are rather more acid in character than the amides, 
and thus many of them are soluble in alkali and yield metallic 



IM1N0-ETHEH8 


215 


derivatives. Consequently, for them, as well as for the amides, 
the iso-formula R*C; is taken into consideration. From 


.SH 


this pseudo form R*(-< , iso-thio acid amides, are derived 

a number of compounds, the Imino-thio-ethers, by the re- 
j)hicement of one or both the hydrogen atoms by alkyl groups, 

.SCH3 

acetimido-thiomethyl, methyl iso-thio-acet- 

SCH3 ‘ XnH ; 

anilide, CH3‘C^ They are decomposed by hydro- 

chloric acid into esters of thiacetic acid, thus: 

(Uta-CiNHl-SCHa -f H^O - CH 3 CO SCH 3 f NH,. 


These iiuino-thio-ethers are prepared by the action of mer- 
captans upon nitriles in presence of hydrochloric acid gas 
{Pinner), and by the action of alkyl iodides upon thianiides 
( W allach, Bernth^en) : 

S SC , I c 

R'C/‘ -f C 3 HJ » R'C/' ' ‘V HI. 


Imino-ethers, R C/ , which are the oxvgen compounds 
^OR' 

correspomliiig with the above amino-thio-ethers, and which are 
isomeric with the alkylated amides, are also known (Pinner). 
They are derived from the pseudo form of the acid amides, 
^NH 

R*C/ , hypothetical compounds unknown in the free 

^OH 

state, which are isomeric with the simple amides. They are 
formed by the combination of a nitrile with an alcohol under 
the influence of hydrochloric acid gas, and in certain cases by 
alkylating amides; some of them arc liquids w^hich boil with- 
out decomposition, but others are only known in the form of 
salts. 
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H. Amidines 


Amidines are compounds derived from the amides, R*CO* 
NHg, R*CO*NHR', and R-CO-NR'g, by the replacement of 
oxygen by the bivalent imido-residue NH or (NR): 


CH3C< 






Acetamidine (ethane-amidine) 


OH, 

Ethenyl-diphenyl amidine 


The amidines are well-defined crystalline bases, and form 
stable salts. Like all acyl derivatives, they are readily hydro- 
lysed, and thus differ from the amines. 

Formation. — 1 . By heating the amides with amines in pre- 
sence of PCI 3 {Hofmann)'. 

R CO NHR' + NH^R' «» R C(NR')(NHR') + H,0. 


2. By treating the imido-chlorides, thi amides, and iso-thi- 
amides with ammonia or with primary or secondary amines 
(Wallach, Berntksen), thus: 

RCSNHj + NH^R' « RC(Nn){NIIR') + H,S; 
R-C(NH)(SR) + XH, - K C(NH)(NH,) -f RSH. 


3. By heating the nitriles with (primary or secondary) amine 
hydrochloride; this is a particularly easy method when aro- 
matic amines are used, but not in the case of ammonium 
chloride (Bernthsen): 

CH3 CN + NH, R » CH3C(NH)(NHR). 

4. By the action of amine bases or ammonia upon imino- 
ethers. 

Behaviour. — 1 . They decompose into ammonia or amine and 
acid when boiled with acids or alkalis (see above), and into 
ammonia and amide upon boiling with water. 

2 . The dry compounds, when heated, readily yield am- 
monia or amine and acid nitrile, so long as the imido-hydrogen 
atom has not been replaced by alkyl groups. 

Amidoadmes are the compounds formed by the addition of 
hydroxylamine to nitriles, and, from this mode of formation 
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and from their properties, appear to be amidines in which an 
amido- (imido-) hydrogen atom is replaced by hydroxyl: 

^N-OH 

R CN + NH^OH » R Cf 

^NH, 

Such an amidoxime i.s, for instance, isiiret, NTTg-CIL'N-OH, 
also termed metiicnyl amidoxime, which is prepared from 
hydrocyanic acid and hydroxylamine ; it is isomeric with carb- 
amide or urea; also ethenyl amidoxime, CH 3 *C(N* 01 I)(Nn 2 ). 
These ci^npouuds are hydrolysed in much the same manner as 
amidines. 

CHAIN DEGRADATION AND CHAIN LENGTHENING OF 

ACIDS 

Two processes of interest are chain degradation and chain 
lengthening of an acid. 

1. Chain degradation, 

(а) Hofmann. 

R CO OH R CO NHa -> R CO NHBr R NH,. 

Br KOH 

Cf. p. 212. 

(б) Curtins. 

R CO OH -> R CO NH NH, R CO N, R NH CO^Et R NH,. 

HNO, EtOH alkali 

(c) Jensen and Pope, P. R. S., 1936, 154, A., 54. 

Acid (R'COjH) -I- hydrazoio acid R NH, N, + CO,. 

2. Chain Lengthening. 

(а) R CO,H R-CO,Et R CH, OH R CH^Cl 

Red®* R CHj CN R CH, CO,H. 

(б) R CO,H -> R COCl. 

Acid chloride with diazomethane gives acyldiazomethane: 

R COCl + 2CH,N, R CO CHN, -f CH,CI + N„ 

which hydrolyses to acid R-CHg-COgH. 

R-CO CHN, -f 11,0 -> R CH, CO,H + N,. 

{Arndt and Eistert, B., 1935, 200; 1936, 1805.) 
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VIII. POLYIIYDRIC ALCOHOLS 
A. Dihydric Alcohols or Glycols, CnH2n(OH)2 

The (lihydric alcohols may be regarded as derived from the 
paraffins by the replacement of two hydrogen atoms by two 
hydroxyl groups. 

As the monohydric alcohols are often compared with the 
hydroxides derived from the univalent metals, the glycols 
may be compared with the lij^droxides, derived from the 
bivalent metals, e.g. 00114(011)2 with Pb(0H)2. In the satu- 
rated dihydric alcohols the hydroxyl groups are attached to a 
bivalent alkylene radical, e.g. O2H4", CgHg", &c. 

In many respects they resemble the monohydric alcohols, 
but they possess these properties in duplicate. Just as, e.g. 
plumbous hydroxide, Fb(01I)2, can give rise to two scries of 
salts, e.g. the basic chloride, OH-Pb-Cl, and the normal 
chloride, PbClg, so glycol, C2H4(OH)2, can give rise to tw^o 
chlorides, OH*C2n4*Cl and C2H4CI2, knowm respectively as 
glycol monochlorhydrin and glycol dichlorhydrin or ethylene 
dichloride. Similarly, with the acetates and amines derived 
from glycol: 

0HCaH40C0CH3 and C,H4(0C0CH3)a 
Mono-acetate Di-acetate 

OIICair^’NHj and C2n4(NH2) 

Hydroxycthvianiinc Ethylene diafnine 

and similarly with other glycols. 

The glycols, as alcohols, give rise to each type of alcoholic 
derivative; but when, for example, the formation of an evSt>er 
such as glycol lie monoacetate has taken place, this still behaves 
as a monohydric alcohol, yielding, e.g. with a second molecule 
of acid, a new ester; it is therefore ftirrned an ester-alcohoL 

It is not necessary that both the groups which replace 
the hydrogen or hydroxyl should be of the same nature; 
thus a mixed derivative of the composition NH2‘C2H4*S02'0H, 
possesses at one and the same time the character of an amine 
and of a sulphonic acid. 

The glycols are mostly thick liquids of sweetish taste, a few 
only being solid crystalline compounds; they dissolve readily 
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in water and alcohol, but are only sparingly soluble in ether. 
It will be found that the solubility of a compound in water 
tends to increase, and ita solubility in ether to decrease, with 
the number of hydroxyl groups present in the molecule of the 
compound. Their boiling-points are much higher than those 
of the corresponding monohydric alcohols, just as these latter 
possess considerably higher boiling-points than the hydro- 
carbons from which they are derived. 

Constitution . — As already stated, the glycols contain two 
hydroxyl groups in each molecule; the arguments in favour 
of the presence of these hydroxyl groups are exactly similar 
to those used in the study of the constitution of ethyl alcohol, 
and are based mainly on certain methods of formation, and on 
the chief chemical characteristics of the compounds. 

Glycols which contain two hydroxyls linked to the same 
carbon atom are, as a rule, incapable of existence, and are 
only known in derivatives (see p. 14 ( 3 ). lnst^‘,ad of the glycols 
0112(011)2 and 0113*011(011)2, (the aldehyde hydrates) the 
aldehydes, OHj’O and OH^-OHrO are formed. An exception 
is chloral hydrate, OOl3*OH(On)2, which is relatively stable 
(p. 153 ). All glycols contain their hydroxyls attached to two 
different carbon atoms. Glycol itself has thus the constitution 
OH’OHg’CHg-OH, which can be proved directly by transform- 
ing it, by means of hydrochloric acid, into glycol chlorhydrin, 
OH2C^^‘^H2*OH, and oxidizing the latter to monochloroacetic 
acid, OHgCl-OO’OH, In this last compound the chlorine and 
hydroxyl are united to different carbon atoms, and conse- 
quently the same applies to glycol chlorhydrin and to the two 
hydroxyl groups of glycol. 

The monohydric alcohols are distinguished as primary, 
secondary, and tertiary. The glycols may in the same way 
be characterized as di-'Primary when they contain the group 
CHg’OH twice, as in glycol; as primary-seconuary when they 
contain the group dig* OH together with the group CH OII, 
as in propylene glycol, CH3*CH(0H)*CH20H; further as 
di-seeondary, primary-tertiary, secondary-tertiary, and di- 
tertiary. The structure of a glycol is usually determined by 
an examination of its oxidation products (pp. 221 and 236 ). 

Modes of Formation. — 1 . From the di-halogen-substituted 
derivatives of the paraflins, in which the two halogen atoms 
are attached to two different carbon atoms, e.g. ethylene 
bromide: 
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(а) By transformation into the di-acetates by means of silver 
or potassium acetate, and hydrolysis of the ester so produced 
by potash, baryta, or alcoholic sodium ethoxide (Bainbridge, 
J. C. S., 1914, 2291; MeresMowsbj, A., 1923, 431, 231. 

CHaBr CIlaBr -f 2CHg CO OAg 

- CH3-C0 0 CH, C1V0 C0 CH 3 4 2AgBr, 

CH, CO O CH, CH, O CO CHa 4- 2KOH 

- OH CH^ ClIa OH 4- 2Cn3 COOK. 

A convenient method is to boil the diacetate with ethyl 
alcohol and a little mineral acid when alcoholysis occurs and 
ethyl acetate and the glycol are formed (cf. p. 203). 

(б) By boiling with water and lead oxide or potassium 
carbonate. These reagents serve to neutralize the acid as it 
is formed, and so the reaction is facilitated: 

CaH^Br, -H 2HOH + 2HBr. 

2. In the reduction of ketones to secondary alcohols, the 
so-called pinacones, i.e. di-tertiary glycols, are obtained as by- 
products (see pp. 79 and 158), thus: 

CMe,:0 CMe,*OH 

-I- 2H -> I (pinacone). 

CMe, : 0 CMca-OH 

3. By the careful oxidation of olefines by means of very 
dilute KMn 04 (p. 48, or by perhydrol, J. C. S,, 1926, J833; 
1930, 2545): 

CHjICHj -f O -h HjO = OHdl, CH 3 OH. 

Behaviour, — 1. As in the case of the monohydrio alcohols, 
the hydrogen of the hydroxylic groups is directly replaceable 
by potassium or sodium, with the formation of alcobolates, e.g. 
0 H-C 2 H 4 0Na and C 2 H 4 (ONa) 2 , sodium and di-sodium glycols. 

2. The metal in these compounds may be exchanged for 
new alkyl groups by treatment with alkyl iodide, when gly- 
collic ethers are obtained: 

C 4 H 4 (ONa )3 4- 2 C 3 H 3 I » 2NaI 4- C 3 H 4 {O CaH 3 ) 3 . 

Glycol di-cthyl ether 

These ethers, like those of the monohydric alcohols, are 
stable, , and cannot be hydrolysed by dilute mineral acids or 
alkalis. 



ETHYLENE OXIDE 


221 


3 . Acids act upon them to produce esters, which are either 
normal esters or ester-alcohols (see p. 218 ). 

The halogen esters of the glycols are termed chlor-, brom-, 
or iodhydrins, e.g. glycol cblorhydrin, 0211401(011), glycol di- 
chlorhydrin, O2TT4OI2, &c. The ester-alcohols which are formed 
by the action of halogen hydride may also be regarded as 
mono-substitution products of the monohydric alcohols, which 
cannot be prepared by direct chlorination, e.g. 02H401(OII), 
monochlorethyl alcohol. Similarly the di-halogen esters, 
0H201-0PI201, CIlgBr-OHaBr, &c., are the di-substitution pro- 
ducts of the paraffins, viz. ethylene dichloride and dibromide. 

4 . As the halogen atoms in the chlor-, brom-, and iodhy- 
drins are readily replaceable, just as in C2H5CI or C2H5I, 
these compounds may be used for the preparation of most of 
the other glycol derivatives; thus they }deld thio-glycols with 
potassium hydrosulphide, amines with ammonia, sulphonic 
acids with sodium bisulphite, and nitriles with pot^sium 
cyanide. 

5 . Alkalis react with the glycol monochlorhydrins, and by 
the elimination of HCl yield cyclic anhydrides, e.g. ethylene 


oxide, 


CH. 

1 >• 
ch/ 


It is interesting to note that these anhydrides 


cannot be obtained by the elimination of water from the glycols 
themselves. When ethylene glycol is heated with zinc chloride 
at 230 ° water is eliminated, and the product obtained is acet- 
aldehyde (or a polymer). This reaction is explained by assum- 
ing the intermediate formation of unsaturated alcohols which 
are not in themselves capable of existence, e.g. CH2:CH(OH), 
but which immediately undergo transformation into the iso- 
meric aldehydes or ketones: CHgiCH-OH = CUg-CHiO. 

6. As alcohols the glycols are readily oxidized. If they 
contain the primary alcoholic group, they can yield aldehydes 
and acids containing the same number of carbon atoms. If they 
contain a secondary alcoholic group, they yield ketones, e.g.: 


CH,OH CH,OH CHO-CHjOH COOH CH.OH COOH COOH 
and 

CH, CH(OH) CHaOH CH, CH(OH) COOH CHa CO COOH, Jkc. 


Methylene- and Ethylidene-giycol. (See Aldehydes, Chap. 
V,A.) 
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Ethylene glycol (gh/col), OH-CHa'CHg-OH (Wurtz), A., 100, 
110), b.-pt. 197*5°, is prepared from ethylene bromide by 
method la (p. 220). For properties, see above. Its formula has 
been corroborated by the determination of its vapour density. 
Oxidizing agents transform it into glycollic acid, OH-C^Ila* 
CO-OH, and oxalic acid, OH*CO*CO*OH. 

Glycol is manufactured on the large scale from ethylene 
and chlorine water; the chlorhydrin CHaCl-CHg'OH so formed 
yields glycol when boiled with milk of lime. It is largely used 
for preventing ice formation, e.g. on aeroplane edges, and also 
as a dielectric in electrolytic condensers, and for the production 
of various ethers and esters used in the cellulose industry, e.g. 
mono and diethyl ethers, mono-tertiary butyl ether, OH-CHg* 
CH 2 * 0 *C(CH 3 ) 3 , formed by the union of glycol with tertiary 
butylene, CH 3 *CH 2 *C(CH 3 ) : C(CH 3 ) 2 . Also the monoacetate and 
the acetate of the monomethyl ether. 

Propylene glycol is known in two iosmeric forms, viz. 

(а) Trimethylene glycol, ^-Propylene glycol, Fro-pane-l : 3- 
diol, OH*CH2*CH2*Cn2*OH, which is prepared from tri- 
methylene bromide, and is a di-primary glycol boiling at 210°. 
It is also produced by the Schizomycetes fermentation of gly- 
cerol (M., 1881, 636; B., 1912, 3115). 

(б) a-Propylene glycol ProjHineA : 2-diol, CH 3 *CH(OH)* 
CHj-OH, can be prepared from propylene bromide, but is 
more easily obtained by distilling glycerol with caustic soda 
or from propylene and aqueous chlorine. It boils at 188". It 
contains an a.^ymmetric carbon atom in the molecule, and be- 
comes optically ( — ) active when fermented, i.e. certain 
bacteria destroy the dextro modification more rapidly than 
the laevo. 

Four butylene glycols, and various amylexie- and hexylene- 
glycols, &c., are also known. Of these, the y-glycols (in which 
the hydroxyls are in the positions 1 : 4-, and which therefore 
contain the grouping •C(OH)*C*C*C(OH)*) yield compounds 

1 2 3 4 

of the furane series by the formation of anhydrides (B., 1889, 
2567), and therefore stand in close relation to thiophene and 
pyrrole, Chap. XL. 

1 : 3-butylene glycol obtained by the hydrogenation of 
alcohol (Chap. XLIX, A.) is used in the form of its diaoetate 
as a high boiling solvent for acetyl- and nitro-cellulose. 

Pinao^, Tetramethyl*ethylene glycol (2 : 3- Dimethyl- 
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butane -2 \Z-diol), (CHj{)2*C(OPI)*C(OH):(CH3)2. The hydrate, 
(+ GHgO), forms quadratic tables; in the anhydrous 

state it is a crystalline mass melting at 38° and boiling at 
172°. When warmed with dilute sulphuric or hydrochloric 
acid it yields pinacoliiie, CH3*C0*C(CH3)3, methyl tertiary- 
butyl ketone or 2 : 2-dimethyl-butan-3-one (see p. 162, and 
Chap, XXXVIII): 

CH,. /CII, yCH3 

V(OH) 0{0H)< -> CHg-OO C^CHs -f Hj,0. 

CH3/ \CH3 

In this reaction an interesting intramolecular rearrangement 
occurs, together with the elimination of water. 

Numerous other pinacones are known. They may be ob- 
tained by reducing ketones or synthetically (Liebcn, M. 17, 68; 
19, 16), and with acids yield the corresponding pinacolines. 


DERIVATIVES OF THE GLYCOLS 

The ethers, e.g. 02114(00113)2, are mostly colourless liquids 
with ethereal odours, and have lower boiling-points than the 
glycols. (Of. Ether and Ethyl Alcohol.) They cannot be 
readily hydrolysed. The esters, e.g. C2ir:j(0‘C0*CH3)2, are 
also mostly liquids, and are readily hydrolysed. 

The following esters of inorganic acids are interesting: 

Glycol chlorhydrin, CH2OI CH2 OH, obtained by passing 
hydrogen chloride into warm glycol, or on the large scale by 
the addition of hypochloroua acid to ethylene, is a liquid 
mi.scible with water, and boiling at 130°; in this last respect 
differing from its corresponding alcohol to almost the same 
extent as ethyl chloride does from alcohol. 

GlycoUic di-nitrate, C2H4(N03)2, is prepared by acting on 
glycol with sulphuric and nitric acids: 

C,H4(0H)3 + 2 NO 4 OH -= C,H4(0 NO,), + 2H,0. 

It is a yellowish liquid, insoluble in water, is readily hydro- 
lysed by alkalis to glycol and nitric acid, and hence the con- 
stitution. The formation of uch nitric esters, which are 
highly explosive, is characteristic of the polyhydric alcohols 
(see Nitroglycerine, p. 231). 

Ethylene cyanide, CN-CHg-CHa-CN, obtained by the 
action of potassium cyanide on ethylene dibromide is a 



224 


Vlll. POLYHYDKIC ALCOHOLS 


crystalline solid, and on hydrolysis with alkalis yields 
C 02 H‘CH 2 -CH 2 C 02 H, succinic acid, and hence may be le^ 
garded as succinonitrile. 

Other esters are used in industry, e.g. the succinate, 

CH2CO-OCH2 

I j , and similar compounds used in the plastics 


CHgCOO-CHg 

industry (Glyptalresins, Cliap, LX, 04), and the oleatc and 
succinate used for emulsifying oils and as detergents. 

Ethylene oxide, 031140 , the inner anhydride of ethylene 


11, a 

glycol, I )^ 0 , is obtained by distilling glycolchlorhydrin 

H2C/ 

with potassium hydroxide solution or by })assing ethylene, 
steam and air over silver oxide at 200° and 600-700 lb. pres- 
sure. It has an ethereal odour, boils at 10*7°, is miscible with 
water, but gradually forms glycol. 

In many respects ethylene oxide reacts as an urisatiirat(‘d 
compound and readily forms additive products with hydrogen, 
water, halogen hydriacids, alcohols, ammonia, amines, Grig- 
uard reagents, &c. The reaction involves an opening of the 
ring and as a rule the union of hydrogen with the 0 and the 
other radical with the carbon resulting in the formation of 
derivatives of glycol; thus with water glycol itself is formed, 
with hydrogen chloride glycol chlorhydrin, with alcohol 
glycol monoethyl ether HO-CIIg-CHg-OEt, with acetic acid 
monoacetyl -glycol HO-CHg-CHg-O-Ac, and with hydrogen 
cyam*de ^-hydroxy-propionitrilo HO*CH 2 'CIl 2 *CN, isomeric 
with the nitrile of ordinary lactic acid (Chap. IX, A.). The 
oxide is thus an important synthetical reagent for preparing 
glycol derivatives. The additive compounds with Gru^nard 
reagents are of importance as on treatment with water they 
yield higher alcohols 


BrMgO'CHa*CH,'R HO CHj CHj R 


when R can be any alkyl group from CH 3 to CgHn. 

The structure of these different additive compounds, vix. 
ethylene additive compounds, is a strong argument in favour 
of the cyclic structure of the oxide and not the open-chain 
structure CHgrCH-OH which is given to vinyl alcohol 
(Chap. Ill, B.). 

Some of the higher homologues of ethylene oxide with larger 
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rings are more stable as in the case of polymethylene com- 
pounds (Chaps. XVI and XXXIII). 

Cyclic ethers are often formed by the action of peroxides, 
e.g. perbenzoic acid, C^Hj-CO-O-OH, on olefines. 


An ether of some importance is p-dioxane 0( 




"CH,CH, 


> 


b.-pt. 101-5°. It ia used as a solvent for cellulose acetate, but 
is liable to explosions, and can be prepared from glycol chlor- 
hydrin, with sulphuric acid; this yields jS^'-dichloroethyl ether 
ClCHg'CHg'O-CHg-CHgCl, which with 5 per cent sodium 
hydroxide solution yields the cyclic ether. Similarly 


chloropropyl ether yields dimethyldioxane, 0<^ 


.CHj-CHMe 


CH2-CHMe 


0 


and chloroinethyl-^-chloroethyl ether yields ^0, 

methylene ethylene dioxide. ^ — CHg — ^ 

The hydrate of dioxane, 0II*CH2*CH2‘0'CIl2*CH2*0H, 
diethyleneglycol, b.-pt. 244-5°, is formed by the union of 
ethylene oxide and ethylene glycol, and the monoethyl and 
monobutyl ethers are commercial products known as Carbitol 
and buiylcarbitoL On catalytic dehydration the glycol yields 
dioxane. 


AMINES OP THE DIHYDRIC ALCOHOLS 

These are derived from glycols by the replacement of one or 
both hydroxyl groups by amino groups: 

OHCHaCHjNH, and NHsCH.CHjNH,. 

Ethanolamine Ethylene diamine 

In the former case compounds are obtained which possess 
the properties of an amine in addition to those of an alcohol; 
in the latter, diamines free from oxygen, which are analogous 
to ethylamine, but are di-acid and not mono-acid bases. 

The ethanolamines are formed by the action of aqueous 
ammonia on ethylene oxide. Ethanolamine, OH-CHg-CHg'NIIg, 
b.-pt. 171°; diethanolamine, (OH-CH 2 *CH 2 ) 2 NH, b.-pt. 268°, 
and triethanolamine, (OH-CHj-CHglaN, b.-pt. 208/16 mm. 
The kvst is used commercially in the form of its salts with 
palmitic, stearic and oleic acids as these neutral soaps are good 
emulsifiers and detergents. 

(BiSO) 
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Secondary and tertiary diamines corresponding with the 
primary amine, NH 2 *CH 2 *Cn 2 -NH 2 , are known, e.g.: 

NH< YNTH and N^CH,(^hAn. 

XCHa-CH/ 

The methods by means of which these diamines can be 
obtained are analogous to those described for the monaminea, 
viz.; 

1. By heating ethylene bromide, &c., with alcoholic am* 
monia to 100"^ (Hofmann). The primary, secondary, and ter* 
tiary bases, which are formed simultaneously, can be separated 
by fractional distillation. 

In this reaction the ammonia may remove hydrogen bro- 
mide, when an olefine derivative is formed, e.g. Cll 3 'CHBr* 
CHBr-CH 3 yields CH 3 -CH:CBr-Cn 3 , in addition to 2 : 3-di- 
amino-butane (J. S. C. I., 1924, 310 T). 

2. Primary diamines are formed by the reduction of the 
nitriles, CjjH 2 n(CN) 2 , with metallic sodium and alcohol, e.g.: 

CN CHj CHjj CN + 8H « NHg CH^ CHa CH^ CIIs NHg. 

3. From the esters of dibasic acids of the oxalic acid series 
(Chap. X) by converting first into the hydrazide, then into the 
azide, and through the dicarbonate into the amine (J. pr., 1915 
(II), 01, 1); thus with ethyl adipate: 

N.H* HNO, 

C^H^CCON,), 

EtOH 

C4Hg(NH CO,Et)sj -> C4H8(NHa).. 

Ethylene diamine, C2n4(NH2)2> Diethylene diamine, 

&c., are colourless liquids distilling without de- 
composition. The former boils at 123°, and has an ammoni- 
acal odour; the latter melts at 104° and boils at 140°, and 
is identical with piperazine, i.e. hexahydro-pyrazine. Hence 

CH2-CH2. 

it possesses the constitutional formula NH<^ NNH, 

^CH2-CH2"^^ 

and has a closed-chain constitution (Hofmann, B., 1890, 3297). 

Tetramethylene«diamine, Butane-1 A-diamim, putrescine, 
hutylene^diamine, NH 2 ’CH 2 *CH 2 ’CH 2 *CH 2 *NH 2 , is prepared 
according to method 2, and is also formed during the putre- 
faction of flesh. As a “ y-diamine i.e. the diamine of a 
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y-glycol, it is closely related to pyrrole, from which it is formed 
by the action of hydroxylamine (whereby a dioxime is first 
produced), and subsequent reduction (B., 1889, 1968). 

Pentamethylene diamine, cadaverine, NIl 2 ’(CH 2 ) 5 *NHjj, is 
formed by the reduction of trimethylene cyanide, C]S[’(CH 2 ) 3 * 
CN, which on its part is prepared from trimethylene bromide, 
CH 2 Br*CH 2 -CH 2 Br, and KCN (Ladenburg). It is a colourless 
syrupy liquid of very pronounced spermaceti and piperidine 
odour, solidifies in the cold, and boils at 178^-179°. It possesses 
especial interest, because, being a 8-diaimne,it gives up ammonia 

and yields the cyclic base piperidine, CH 2 y yNH 

(see Chap. XLIII, B.). 

Many of these })olyacid bases are found in decaying albumen 
and in corpses, and ai*e designated ptomaines or toidnes. 

Choline, bilineurine, ethyhl-lrimethyl-ammotiium hydroxide, 
OH-CIIg-OHa-NIMey-OTT (S(recker), is found in the biie (x^^, 
bile,) brain, yolk of egg, &c., being present in these combined 
with fatty acids and glyceryl-phosphoric acid as lecithin. It 
is also found in herring brine, hops, beer, and in many fungi, 
&c., and is obtained by boiling sinapine with alkalis (the old 
name for this product was ‘‘ Sincaline Choline is a strong, 
deliqucvscent base, and readily absorbs carbon dioxide from 
the air. It is not poisonous. Its acetyl derivative is an impor- 
tant hormone of the animal tissues (Chap. LX VIII, B.). 

Neorine {i’€vpov, nerve), trimethyl-vinyl-ammonium hydroxide, 
CHa:CH*NMe3*0H (Hofmann), containing the unsaturated 
vinyl radical, is very similar to choline, and can be prepared 
from brain substance or from choline by the action of HI 
followed by moist silver oxide; it is only known in solution, 
and is very poisonous. It can be re-transformed into choline. 

Taurine, HO*SOa*CH 2 CH 2 *NH 2 (Gmelin), is present in com- 
bination with cholic acid (Chap. LXII, B.) as taurocholic acid 
in the bile of oxen and many other animals, also in the kidneys, 
lungs, &;c. It crystallizes in large monoclinic prisms, and is 
readily soluble in hot water. Its constitution follows from its 
synthesis from )3-bromo-ethyIamine and ammonium sulphite 
or from ammonia and jS-bromo-ethyl-sulphonic acid, viz. 
j8-amino-ethylsulphonic acid. It is a t} 7 )ical amphoteric sub- 
stance, i.e. both base and acid, and is probably an inner salt 
formed by the neutralization by the NHj group of the acid: 

bethionic acid, hydroxy-ethyl-sulphonic acid, OH'CH,* 
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CH2*S02-0H, obtained when carbyl sulphate, C8H4Sa05 
(from C2H4 and SO3), is boiled with water; its constitution 
follows from its properties, and also from the fact that it 
may be obtained by the oxidation of the hydroxymercaptan, 
OH-CHg-CHg-SH. By the action of PCI5 followed by ammonia 
it yields taurine: 

CHjSOa. 

Numerous unsaturated glycols of the type, OH'CHMe* 
C;C*CHMe*On, have been prepared by the action of alde- 
hydes or ketones on the Grignard compounds, Br-MgC-C. 
MgBr, derived from acetylene (locitschy Annales, 1913, VIII, 

30). 


B. Trihydric Alcohols 

The molecule of each trihydric alcohol contains three hy- 
droxyl groups, each attached to a different carbon atom. They 
may be regarded as analogous to the hydroxides of ter valent 
metals, e.g. 03115(011)3 and Al(OIl)3. They can give rise to 
three distinct groups of derivatives according as one, two, or 
three of the hydroxyls react, e.g. chlorides — CgHgC^OHlg, 
monochlorhydrin ; CgHgClg-OH, dichlorhydrin ; and C3H5CI3, 
trichiorhydrin of glycerol. Similarly for acetates, amino- 
derivatives, &c. 

Although the compound CH(OH)3, ortho-formic acid, is not 
known, derivatives, e.g. ethyl ortho-formate, CH(OEt)3, (p. 166), 
and similarly ethyl ortho-acetate, CH3-C(OEt)3, can readily be 
prepared. 

Glycerine, ghjcerol, propane-l : 2 : S-trwl OH-CH2*CH(OH)- 
CHj’OH. (Scheehy 1779; formula established by Pdouze in 
1836, and constitution by Berthelot and Wurtz.) 

Synthesis, — By heating 1:2: 3-trichlorpropane with water 
to 170'’: 

CHjCl CH2OH 

CHCl -f 3H OH - CH OH + 3HCL 
CHjCl CH,OH 

The trichlorpropane is itself obtainable from isopropyl iodide 
(which can also be prepared synthetically) by conversion into 
propylene, addition of Cl^, and heating the propylene dichloride 
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thus formed with iodine chloride (Friedel and Silva, Bull. Soc. 
Chim., 20 , 98): 

CHjj CHl CHa CH 3 CH rCH^ CHs CHCl CJfjGl CHaCi CHC1CH,C1. 

Glycerol is also produced when allyl alcohol is oxidized with 
very dilute potassium permanganate: 

CHj ICH CHa-OH OH CH3 CH(OH) CHa OH. 

The constitution of glycerol follows from these syntheses and 
also from its relation to tartronic acid (p. 230): each of the 
three hydroxyls is attached to a separate carbon atom. 

Manufacture . — It is a by-product in the manufacture of hard 
soaps (p. 184), and crude glycerine is made by concentrating 
the waste lyes in suitable salting-out evaporators, from which 
the common salt can be removed as it is formed. It is also a 
by-product in the manufacture of stearic acid for candles. The 
oils or fats are hydrolysed by one of the methods mentioned 
on p. 184, particularly by the Twitchell process. The crude, 
neutral glycerine liquor, after removal of the fatty acids, is 
concentrat<jd under reduced pressure as glycerine vaporizes 
at 100°, and the crude, concentrated product is refined by 
distillation with superheated steam under reduced pressure; 
the distillate is again concentrated, and, if necessary, filtered 
through animal charcoal. 

A biochemical method is by the alcoholic fermentation of 
glucose. In the ordinary fermentation, by means of yeast 
(p. 84), a 3 per cent yield of glycerol is obtained, but this is 
easily increased to 24 per cent the addition of small amounts 
of sodium sulphite {Helv.y 1919, 167) or of sodium carbonate 
at intervals (J. S. C. I., 1919, 175R.) 

Properties . — It is a thick, colourless syrup, of specific gravity 
1*26, solidifies, when strongly cooled, to crystals, like those of 
sugar-candy, which melt at 17-9°. It boils at 290°, but is best 
distilled under diminished pressure, e.g. at 170°/12 mm. It 
is very hygroscopic, and mixes with water and alcohol in all 
proportions, but is insoluble in ether. 

Uses . — In the manufacture of liqueurs, fruit preserves, wine, 
cakes; for non-drying stamp colours and blacking; when 
mixed with glue, in book printing; as a healing ointment for 
external use in pharmacy, for cosmetics; but especially in the 
manufacture of nitro-glycerine and in the colour industry, 
and as an antifreeze. (J. B. C. 1., 1928, 1073.) 
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It i8 used in the preparation of allyl alcohol (p. 91), 
acrolein (p. 154), allyl iodide (p. 70), isopropyl iodide (p. 65), 
and formic acid (p. 173) (0. L, 1930, 1021, 1069; 1931, 949). 

Behaviour. — 1. With alkalis and other metallic hydroxides 
it forms alcoholates, which are readily decomposed again into 
their components. 

2. As a trihydric alcohol the hydrogen atoms of the OH 
groups can be replaced by alkyl radicals yielding ethers, e.g. 
mono-ethylin, C3H5(OH)2(OC2H5), and triethylin, 03115(002115)3, 
liquids which boil without decomposition. 

3. As an alcohol it forms a great variety of esters: thus, with 
sulphuric acid, the easily saponifiable glyceryl-sulphuric acid, 
03H5(OH)2(0-S03H) ; with phosphoric acid, glyceryl-phos- 
phoric acid, 03H5(OH)2(0*P03H2); with nitric acid, glyceryl 
trinitrate, 03H5(6 *>h 02)3; wnth hydrochloric acid the chlor- 
hydrins; and with the higher fatty acids the fats. For its 
behaviour with hy dried ic acid, or iodine and phosphorus, 
see p. 65. 

4. It yields compounds of a mercaptan or aminic character 
by exchange of OH for SH or NH2. 

5. When distilled with dehydrating agents, e.g. phosphorus 
pentoxide, or, better, anhydrous potassium hydrogen sulphate, 
two molecules of water are eJiminat-ed from each molecule of 
glycerol, and acrolein (p. 153) is formed. By the indirect sepa- 
ration of one mol. HgO, glycide alcohol, CjHeOg, is obtained. 

6. Oxidizing agents convert it, according to conditions, 
either into glyceric, 0H*CH2CH(0H)'C02H, tartronio, 
C02H CH(0H) C02H, or mesoxalic acid, COgH CO COgH, 
or acids with a smaller number of carbon atoms. The for- 
mation of the three above-mentioned acids indicates that the 
glycerol molecule must be built up of two primary and one 
secondary alcoholic groups, as represented in the formula 
already given. Halogens oxidize and do not substitute. 

DERIVATIVES 

Chlorhydrins (hydrochloric esters). Mono- and dichlor- 
hydrins are formed by the action of hydrochloric acid on 
glycerol, and trichlorhydrin by the action of phosphorus 
pentachloride on the mono- or di-compounds. Each of the 
two first-named exists in two isomeric modifications. 
a-Monochlorhydrin, 3 - CMoro-propane -1 : 2 -diol, CHg(OH)* 
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CH(0H)*CH2C1, is formed from epichlorhydrin, CgHgO-Cl 
(see below), and water; a~dichlorhy^^, l:3-dichloro-propane- 
2-0?, CH 2 Cl*CH(OH)-CI-l 2 Cl, from epichlorhydrin and HCl; 
/ 3 -monochlorliydrin, CIl 2 (OfI)*CHCl-CH 2 {OH), and ^-dichlor- 
hydrin, CHgChCHCl-CHg-OH, by the addition of hypochlorous 
acid to ally] alcohol or to allyl chloride. 

The chlorhydrins are liquids sparingly soluble in water, and 
readily soluble in alcohol and ether. Their boiling-points are 
much below that of glycerol. 

Glycide Compounds. — By the elimination of water from 
glycerol a compound is obtained which unites witliin itself 
the properties of ethylene oxide and of a monohydric alcohol, 
viz. glycide alcohol. It is a 1 :2-cyclic oxide or ether, 

OII CH. CH OH OH CH* CH . 

t I >0, 

CHjOH CH/ 

and is isomeric with propionic acid. 

It may be prepared by the abstraction of HCl from a-mono- 
chlorhydrin by means of baryta, just as ethylene chlorhydrin 
yields ethylene oxide. It is a colourless liquid, boiling at 162'^, 
and miscible with water, alcohol, and ether. It combines with 
HgO, yielding glycerol, and with HCl yielding the chlorhydrin, 
and, as an alcohol, forms esters (glucide esters), &c. Its hydro- 
chloric ester is epichlorhydrin^ 

ClHaCCH 
I 

OH. 

isomeric with chlor-acetone and propionyl chloride, a mobile 
liquid of chloroform odour, boiling at 117®, which is formed by 
the elimination of HCl from either of the dichlorhydrins. Like 
ethylene oxide it is capable of combining with H 2 O, HCl, &c. 

Esters of Nitric Acid.— Mononitrin, C3H5(dH)2(0'N02), 
and trinitrin or glyceryl trinitrate usually termed nitro- 
glycerine, 03115(0-1^02)3, are known. The latter is prepared 
by treating glycerol with a cold mixture of concentrated nitric 
and sulphuric acids. It is a colourless oil, insoluble in water, 
poisonous, and of a sweet, burning, aromatic taste. Sp. gr. 1-6. 
M.-pt. about 13’2°. It solidifies on cooling, and exists in two 
physical crystalline isomerides {Hepworth, J. C. S., 1919, 
840). It burns without explosion, but explodes with terrible 
violence when quickly heated or when struck (Nobel's explosive 
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oil). When mixed with kieselguhr in the proportion of three 
parts to one it forms d3riiamite (Nobel, 1867), which is exploded 
by fulminate of mercury with frightful force. Modern djTiamite 
consists of glyceryl nitrate absorbed in wood pulp, and often 
contains small amounts of glycol dinitrate (Chap. VIII, A.) to 
prevent the solidifying of the nitroglycerine in cold weather, 
and inorganic nitrates. Blasting gelatine contains about 8 per 
cent of nitro 'Cellulose (Chap. XIV) in addition to nitro- 
glycerine. The nitrate is hydrolysed by alkalis and by am- 
monium sulphide, yielding glycerol and nitric acid, and hence 
its constitution as a nitrate, C3H5(0-N02)3, and not a nitro- 
derivative, e.g. C3H2{N 02)3(011)3. 

The natural glycerides are mostly normal esters, e.g. 
glyceryl tripalmitate, tripalmitin, C3H5(0*C0*Ci5H3i)3, 
tristearin, &c. (see p. 183 et seq.). These esters can also 
be obtained artificially, as can also the mono- and dihydric 
esters, e.g. monopalmitin, (0H)2C3H5*0-C0*Ci3H3i), and 
dipalmatin, 0H*C3H5(0*C0*Ci5H3i)2, and mixed glycerides 
(Chap. LV, C.). 

Most are wax-like solids, and, on hydrolysis, yield as ulti- 
mate products glycerol and the fatty acids. With the normal 
esters this hydrolysis occurs in .stages yielding the mono- 
hydroxy ester, then the dihydroxy, and finally glycerol. 

Glyceryl oxalates j)lay an important part in the conversion 
of oxalic acid into formic acid and of glycerol into allyl alcohol . 
The first of these reactions has already been described (p. i73). 
The formation of allyl alcohol probably proceeds in the follow- 
ing stages. (Chattaway, J. C, S., 1914, 153.) By the action 
of oxalic acid upon glycerol a certain amount of the neutral 
oxalate (dioxalin) I is formed in addition to the acid oxalate 
(pp. 173 and 91). The neutral oxalate decomp>08es at the higher 
temperature into carbon dioxide and allyl alcohol. Some of 
the glycerol may form the trioxalate (trioxalin) II, which 
then decomposes into carbon dioxide and allyl formate III, 
which is always formed as a by-product. 

CH.OH CHa-OCO CHj 

CH OH I CH O CO CH -f 200, 

CH,*OH CH,OH CH,OH 

CHjOCO CH, 

II CH O CO III CH + 300, 

CHjOCOCOOH CH.OCOH. 
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The esters of glycerol with succinic acid are used as glyptal 
or alkyd resins (Plastics, Chap. LX, C4). 

The glyceryl esters of phosphoric acid, H 3 PO 4 , are com- 
pounds of interest as they are related to natural products such 
as the lecithins (Chap. LV, I.). Both a- and /9-monophosphates, 
viz. 0 HCH 2 CH( 0 H)*CH 20 P 0 ( 0 H )2 and (OH-CHglgCH- 
0 -P 0 ( 0 H) 2 , have been prepared, the former from a-monochlor- 
hydrin and trisodium phosphate and the latter from phosphoryl 
chloride, and the a-dichlorhydrin and subsequent hydrolysis 
{King and Pyman, ibid. 1238; Bailly, C. R., 1915, 161 , 677). 
For methods of discrimination between a- and /9-gIyceropho8- 
p hates, cf. Grimbert and Bailly y C. R., 1915, 160 , 207. 

Glycerol condenses with aldehydes and ketones in the pre- 
sence of hydrogen chloride, giving both 5 and 6 membered 
cyclic acetals, e.g. I and II with formalin: 

OHCH,CHO. /CH,Ov 

I I H OH CH^ >CH,. 

The structure of the compounds was proved by final con- 
version into /9- and a-methyl ethers of glycerol respectively, 
after separation by means of their benzoyl derivatives 
(J. C. S., 1915, 337; Hibbert and others, J. A. C. S., 1928, 
2238, 3120, 3376; 1929, 302, 3644; Fairbourmy J. C. S., 
1929, 2234). Mono alkyl ethers of glycerol occur in fish oils, 
e.g. batyl alcohol and the unsaturated sdachyl alcoholy probably 
as esters with fatty acids. 

C. Tetra-, Penta-, and Haxahydric Alcohols 

These alcohols can react respectively with 4, 5, or 6 mole- 
cules of a monobasic acid to form neutral esters, and conse- 
quently 4, 5, or 6 alcoholic hydroxyls are to be assumed as 
present in their molecules. 

The number of hydroxyls present in an alcohol is usually 
determined from the number of acetyl groups present in the 
ester which is formed when the alcohol is heated with acetic 
anhydride and anhydrous sodium acetate, thus: 

C,H,(OH)e -f 0{CHj*CO),0 « C,H8(0*C0 CH,), + eCHa-CO.H. 

The acetyl derivative is then (a) hydrolysed with alcoholic 
potash and the amount of potash used up determined by 
{ B 4ao ) 9 • 
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titration, or (6) distilled witli jo-toluene-snlphonic acid and 
the acetic acid in the distillate titrated. 

Another method is to prepare the ester of the alcohol in 
question with the aid of an acid containing halogen, bromo- 
benzoic acid being especially suitable for this; and from the 
percentage of bromine found in the ester, the number of acyl 
radicals which have entered the molecule, i.e. the number of 
hydroxyls, can be deduced. 

The polyhydric alcohols are solid crystalline compounds of 
sweet taste. Many occur as natural products, and they may 
be obtained by the reduction of the corresponding hydroxy 
aldehydes, hydroxy ketones, or hydroxy monobasic acids (man- 
nonic acid, &c.,) by sodium amalgam. (E, Fischer, B., 1889, 
2204.) Conversely, cautious oxidation by bromine water trans- 
forms them first into sugars (hydroxy-aldehydes), and then into 
the corresponding acids. As a rule they cannot be volatilized 
without decomposition. Their derivatives are exactly analo- 
gous to those of glycol and glycerol. 

Their constitution follows from the generalization already 
repeatedly referred to, viz. that not more than one hydroxyl 
group can be attached to the same carbon atom without the 
immediate separation of water, so that a tetrahydric alcohol 
must contain at least 4, and a hexahydric alcohol at least 6, 
atoms of carbon. The tetrahydric alcohol erythritol, C 4 Hg(OH) 4 , 
has thus the formula: 

OHCHjCH(OH)CH(OH)CH,OH, 

and mannitol, the simplest of the hexahydric alcohols, 
C 4 Hg(OH) 4 , the formula 

OHCH,(CHOH)*CH,OH. 

All the common polyhydric alcohols have a normal carbon 
chain, as on reduction with hydriodic acid they yield normal 
secondary iodides, e.g. erythritol yields 2-iodo-butane, CHg* 
CHICHjCHg. 

1. Tetrahydric Alcohols. — Ortho-carbonic ether, C(OC 2 H 5 ) 4 , 
is to be regarded as the ether of the hypothetical alcohol, C(OH) 4 , 
which may be looked upon as the hydrate of carbonic acid, 
but is itself incapable of existence. It is a liquid of ethereal 
odour, boiling at 159®. 

Erythritol {Buiane-tetrol) occurs in the free state in Proto- 
coccus vulgaris^ and combined with orsellinic acid as an ester 
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(erythrin), in many lichens and algse. It forms large quad- 
ratio crystals, sparingly soluble in alcohol and insoluble in 
ether. M.-pt. 112°; b.-pt. about 300°. 

2. Pentahydric Alcohols, Arabitol, OH CH2*(CH OH)3- 
CHg-On (from arabinose by reduction). Xylitol, by the 
reduction of xylose, is stereo-isomeric; and rhamnitol, 
0H-CH2*(CH-0H)4*CH3, m.-pt. 121°, from rhanmose, is 
homologous. 

3. Hexahydric Alcohols. — Mannitol, OH CH2 (CH OH)4* 

CHg-OH {Proust, 1800), is found in many plants, for instance 
in the larch^ in Viburnum opulus, in cek^ry, in the leaves of 
Syringa vulgaris, in sugar-cane, in Agaricus integer (of the dry 
substance of which it forms 20 per cent), in rye bread, and 
especially in the manna ash, Fraxinus ormis, the dried juice 
of which constitutes manna. It can be prepared from mannose, 
0H*CH2‘(CH*0H)4-CH: 0 , by reduction with sodium amalgam. 

It crystallizes in fine needles or rhombic prisms, and is 
readily soluble in cold water and boiling alcohol. It is 
dextro-rotatory, but a laovo-rotatory and an inactive modi- 
fication are also known. (See Mannonic Acid.) M.-pt. 166°. 
When heated it is converted into its anhydrides, mannitan, 
CgHigOg, and mannide, CgHi0O4. Cautious oxidation converts 
mannitol into a mixture of mannose, OH-CH2(CH*OH)4*CHO, 
and fructose, OII-CH2(CH-OH)3-CO'CH2-OH. Nitric acid 
oxidizes it to saccharic acid, C02H*(CH*0H)4‘C02H; hydri- 
odic reduces it to secondary hexyl iodide, CH3-CHI‘(CH2)3* 
CH3(p, 64). 

The molecule of mannitol contains 4 asymmetric carbon 
atoms, e.g. : 

OHCH,CH(OH)CH(OH)CH(OH)CH(OH)CHaOH, 

and hence a number of stereo-isomerides are known, e.g. d-, 
and f-mannitol, d-, I-, r-sorbitol and dnlcitol, which is optically 
inactive owing to the fact that its molecule is symmetrical in 
configuration. (Stereochemistry of Sugars, Chap. XIV, A.) 

The sugars (monosaccharides) are closely related to the 
penta- and hexahydric alcohols, being the corresponding poly- 
hydric aldehydes or ketones. The alcohols as a rule are not 
fermented by yeast, and do not reduce an alkaline cupric 
solution, dulcitol excepted. 
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OXIDATION PRODUCTS OF THE POLYHYDRIC ALCOHOLS 

Just as the monohydric alcohols are oxidized to aldehydes, 
ketones, and acids, so the polyhydric alcohols pass, on oxida- 
tion, into aldehydes, ketones, and polybasic acids. 

On oxidation the polyhydric alcohols yield not only alde- 
hydes, ketones, and acids, but also compounds with dual 
functions, i.e. alcohol and acid, alcohol and aldehyde, &c. 
Examples are the hydroxy aldehydes, which are at the same 
time aldehyde and alcohol, the hydroxy ketones, at the same 
time ketone and alcohol, the hydroxy acids, aldehyde acids, 
ketone acids, and ketone aldehydes. 

An aldehyde acid, for instance, is capable, as an acid, of 
forming salts, esters, and amides on the one hand; and on the 
other, as an aldehyde, it is able to reduce an ammoniacal 
silver solution, to combine with NallSOg, and to react with 
hydroxylamine, &c. 


SUMMARY OF THE OXIDATION PRODUCTS 
(a) Of the di-primary alcohols. 

CHO 


CH,OH 

CHa'OH 

Glycol 


CHa-OH 
CHO 

Glycollic aldeh>tJe 


CHO 

Glyoxal 


CH^-OH 

CO-OH 

Glycollic acid 


CHO 
CO- OH. 

Glyoxalic acid 


COOH 
CO- OH 
Oxalic acid 


Posvsible products: Di-aldehydes, dibasic acids, hydroxy 
aldehydes, hydroxy acids, aldehyde acids. 

(6) Of the primary-secondary alcohols. 


CHj 

CO 


CH, 
CH-OH 

CHa-OH 
•-Propylene 
glycol 


CHj'OH 

Hydroxy 

acetono 


CH, 

^ CH-OH 
CHO 


(Lactic aldehyde, 
unknown) 



OJHf 

CH-OH 

6ooh 

Lactic acid 




CH, 

6o 

00 -OH 

Pyruvic 

acid 
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Possible products: hydroxy aldehydes, hydroxy ketones, 
ketone aldehydes, hydroxy acids, ketone acids. 

(c) Of the di-secondary alcohols: hydroxy ketones, di- 
ketones. (No dibasic acids or alcohol acids, Cn), e.g. : 

CH3 CH Oil CII3 CII OH CH3 CO 

CH3CHOH CD3CO CH3CO 

Di -secondary butylene glycol Dimethyl-ketol Di-acetyl 

(d) The tri- and polyhydric alcohols are capable of yielding 
numerous types of products upon oxidation, especially poly- 
hydroxy ketones, poly hydroxy acids, keto-acids, and poly basic 
acids. 

Of all these oxidation products, the most important are the 
hydroxy acids, the polybasic acids, and the keto-acids. 


IX. HYDROXY MONOBASIC ACIDS AND 
COMPOUNDS RELATED TO THEM 

A. Monohydroxy Fatty Acids 

These compounds may be regarded as monohydroxy deri- 
vatives of the fatty acids, e.g. 0 H’CH 2 *C 02 H, hydroxy-acetic 
acid, or glycollic acid, OH-CHg^CHg-COgll, ^-hydroxy-pro- 
pionic acid, or j8-lactic acid, &c. 

They combine within themselves the properties of a mono- 
basic acid and of an alcohol, i.e. they are bi-functional, and 
consequently are capable of forming derivatives as alcohols, 
as acids, and as both together. 

The lowest members of the series are the most important, 
viz. glycollic acid and lactic acid, both syrupy liquids which 
solidify to crystalline masses in the desiccator, and readily 
give up water to form anhydrides. They cannot be volatilized 
without decomposition; and are readily soluble in water, and 
for the most part also in alcohol and ether. 

Form<Uion, — 1. By the regulated oxidation of the glycols. 
(See summary, p. 236.) 

2. From the fatty acids, through their raonohalide substi- 
tution products, the halogen of these being easily replaced by 
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hydroxyl, either by means of moist oxide of silver or often by 
prolonged boiling with water alone: 

CH,C1C0*H + HaO » CH 2 (OH) COjH 4 HCl. 

This reaction is conditioned by the halogen having the 
a-position with respect to the carboxyl (cf. pp. 194 and 195). 

For a reaction of these haloid-substitution products in a 
different direction, see and y-hydroxy acids. 

3. From the aldehydes and ketones containing 1 atom of 
carbon less, by the preparation of their hydrocyanic acid com- 
pounds, cyanhydrins (see pp. 148 and 159), and hydrolysis 
of the latter. Thus, from aldehyde is produced ethyl idene 
cyanhydrin, and from this a-lactic acid: 

CH3 CH(0H)(CN) 4- 2 H 2 O - CH3 CH(0H) C02H -4 Nil,,. 

Since the aldehydes and ketones are easily obtained from 
the corresponding alcohols, this reaction furnishes a means of 
preparing the acids, CuH 2 n(()H)(C 02 H), from the alcohols, 
CnHgn+iCOH), i.e. of introducing carboxyl into the latter in 
place of hydrogen; this is a most important synthesis. 

4. From the glycollic cyanhydrins by saponification, e.g. 
^-lactic acid from ethylene cyanhydrin: 

OH CH3 CH2 CN -f 2HaO « OH GH3 CH2 COjH f NH3. 

As the cyanhydrins can be readily obtained from the glycols 
(p. 221), this formation of hydroxy acids represents an exchange 
of a hydroxyl of the glycol for carboxyl, and is analogous to 
the formation of acetic acid from methyl alcohol. Thus: 

0 H CH, CH3 0 II -> OH CH3 CH3CI 

OH CHa-CH. CN OH CHa'CHj COgH 

and CH 3 OH -> CH 3 CI -> CH 3 CN CHj COjH. 

5. By the reduction of aldehydic acids or ketonic acids, 
e.g. lactic from pyruvic acid (Chap. IX, H.). This reaction 
corresponds with the formation of the alcohols from the 
aldehydes or ketones by reduction. 

6. By the action of nitrous acid upon amino-acids (see Gly- 
cocoll) ; a reaction analogous to the formation of alcohols from 
amines (p. 119). 

7. Hydroxy acids of the fatty series containing an equal 
number of carbon atoms result by direct oxidation, if a CH 
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group, i.e. a “ tertiary ** hydrogen atom, is present in the 
original acid (E. Meyer, B., 1878, 1283; 1879, 2238)*: 

(CH3),CH 002H 4- 0 - (CH3)3C(0H) C03H 
Isobutyric add a-Hydroxy-isobutyric acid 

Constitution and Isomers. — As hydroxy compounds of the 
fatty acids, the acids of the foregoing series can exist in as 
many modifications as the monohalide fatty acids. Thus there 
is only one glycollic acid, corresponding with monochloracetic 
acid, but two lactic acids — corresponding with a- and j8-chloro- 
propionic acids — are possible, and both actually exist; they 
are designated as a- and ^-hydroxy-propionic acids: 

CH3 CHCI CO3H (a-chloro-propionic acid). 

CHj CH(0H) C03H (a-hydroxy-propionic acid or common lactic 
acid). 

CHgl-CHj-COjH (^-iodo- propionic acid). 

OH CHj CHj-COgH ( /9-hydroxy-propionio acid or jS-lactic acid). 

From the two butyric acids can be theoretically derived: 

(a) From the normal acid: 

CHa-CHaCHjCOjH, 

y (i a 

an a-, and y-hydroxy-butyric acid. 

(b) From isobutyric acid: 

>CHCO,H, 

pm/ 

an a- and jS-hydroxy-isobutyric acid. 

Systematic Nomenclature. — 0H*CH2-CH2 C02H, Propane-^- 
ohl-amd ; (CH3)2-C(0H)’C02H, 2-Methyl-propane-2-ol-l-acid ; 
OH-CHa-CHg-CHg-COgH, ButaneA-oUl-acid, &c. 

The constitution of these hydroxy acids can often be deduced 
from their methods of formation. Thus the preparation of 
common lactic acid from aldehyde, CHg’CHO, according to 
method 3, shows that it contains the group CHj-CH: , ** ethy- 
lidene ; it is therefore termed “ ethylidene lactic acid On 
the other hand, the formation of j8-hydroxy-propionic acid 
from glycol cyanhydrin, according to 4, is a proof of its con- 
taining the group ’CH 2 ’CH 2 -, “ethylene”; hence the name 
“ ethylene lactic acid 

The constitution can also frequently be deduced from a 
study of their oxidation products; if they can be oxidized, 
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for instance, to dibasic acids (which contain two carboxyls) 
then they must contain a primary alcohol group, •CH 2 *OH, 
since only such a group yields a new carboxyl on oxidation. 
Ethylene lactic acid is therefore a primary alcohol acid. 
Its isomer, ethylidene lactic acid, is similarly a “ secondary 
alcohol acid, while a-hydroxy isobutyric acid is a “ tertiary 
alcohol acid, i.e. acid and tertiary alcohol at the same time. 

BeJiaviour, — 1. The bi-functional character of the iiydroxy 
acids will be dealt with more in detail under Glycollic Acid. 
As acids they form salts, esters, and amides; as alcohols they 
yield ethers, amines, &c. Of these derivatives the amino- 
acids, NHg in place of OH, are of especial interest. (See Gly- 
cocoll, p. 243.) 

2. The hydroxy acids form different kinds of anhydrides, 
viz,: (a) as alcohols (see Di-glycollic Acid); (6) one molecule 
as alcohol forms with a second molecule as acid an ester, with 
elimination of HgO (see Glycollic Anhydride); (c) operation b 
is repeated, the first molecule acting as acid, and the second 
as alcohol (see Glycolide); (d) one molecule loses HgO, with 
formation of an '' intramolecular anhydride, a so-called 
lactone (see p. 249). 

3. For behaviour upon oxidation see p. 236, and also the 
individual compounds. 

4. Just as the alcohols readily give up 'water, yielding 
olefines, so many of the hydroxy acids, especially the jS-, can 
be transferred into unsaturated monobasic acids. (See Hydra- 
crylic Acid, p. 248.) 

5. When warmed with hydriodic acid, the hydroxy acids 
are reduced to the corresponding fatty acids, just as the 
alcohols are converted by this reagent into hydrocarbons. 

6. When the a-hydroxy acids are warmed with dilute sul- 
phuric acid, formic acid is produced together with the alde- 
hyde or ketone which would give rise to the acid, according 
to method 3. The jS-hydroxy acids, on the other hand, decom- 
pose into water and acids of the acrylic series. Thus : 

/OiH 

CH8CH<r|--‘ CH.CH:0 + HCO.H 
NcOjH 

OH CHa CHj COaH - CHsTCH COgH f H.O. 

The a-, J3-, y-, &c., hydroxy acids also differ from each 
other in the facility with which they form anhydrides. (See 
Lactones, p. 249.) 
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Olycollio Acid, Hydroxy -acetic acid, Ethanolic acid, OH-CHg* 
COgH (Strecker, 1818), occurs in unripe grapes, in the leaves of 
the wild vine, &c. 

Formation, — 1 . By the oxidation of glycol with dilute HNO 3 
(Wurtz). 

2 . Together with glyoxal and glyoxylic acid, by the oxida- 
tion of alcohol with dilute HNO3. 

3. By the reduction of oxalic acid with Zn -f- H 2 SO 4 . 

4. From formaldehyde synthetically, according to method 3, 
p. 238. 

5. It is usually prepared by boiling chloro-acetic acid wuth 
water in the })resence of marble, the marble serving to 
neutralize the HCl formed in the reaction (A., 200, 76): 

CH,C1 CO 2 H + H,0 ^ Oil CHj-COJI + HCl. 

Properties. — It forms colourless needles or plates, is readily 
soluble in w^ater, alcohol, and ether, and melts at 80®. Nitric 
acid oxidizes it to oxalic acid. The alkaline salts are hygro- 
scopic, the calcium salt and the magnificent blue copper salt 
are sparingly soluble in water. K x 10 ^ = 15’2. 

Derivatives. — (See table, p. 242.) As an acid, glycollic acid 
forms salts, esters — e.g. ethyl glycollate — a chloride, glycoUyl 
chloride, and an amide, glycoUamide, all readily hydro- 
lysed, some of them even on warming wfith water. All those 
derivatives still retain their alcoholic character. If, on the 
other hand, glycollic acid forms derivatives as an alcohol, the 
properties of the alcoholic derivatives in question are combined 
with those of an acid, since the hydroxyl of the alcoholic 
group, *CH 2 * 0 H, enters into reaction, while the carboxyl 
group remains unchanged. These derivatives are either 
ethers, such as ethyl-glycoUic acid (see table), or e.g. amines, 
such as glycocoU, and, as alcoholic derivatives, they are not 
readily hydrolysed; or they are est/crs of glycollic acid, as 
alcohol, e.g. acetyl-glycollic acid, CH 2 ( 0 -C 0 CH 3 ) C 02 H, or 
monochloracetic acid, CHgCbCOgH (the hydrochloric ester 
of glycollic acid), and then they are of course saponifiable. 
These latter compounds still retain their acid character, and, 
therefore form, on their part, esters, chlorides, and amides, 
which are also readily hydrolysed. The following table gives 
a summary of the more important derivatives of glycollic 
acid: 
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Acid Derivatives 

Alcoholic Derivatives 

Mixed Derivatives 

HOCH,COONa 
Sodium glj collate. 


NaOCH,*COONa 

Di -sodium gly collate. 
Hygroscopic; docomp. 
by HgO into Na salt 
and NaOH. 

HO OHj CO GOJIg 
Ethyl gly collate. 
Liquid, b,-pt. 160'’. 

0C2H,CH,C00H 
Ethyl-glycollio acid. 
Liquid, b.-pt. 206°. 

CAOCHtCO'OC,E, 
Ethylic ethyl-glycollate. 
Liquid, b.-pt. 162°. 

HOCHa-COCl 
Glycollyl chloride. 
Oil; decomposes on 
volatilizing. 

CHjCl-OOOH 

Monochloracetic 

acid. 

CH,C1C0C1 
Monochloracetyl 
chloride. Liquid, b.-pt. 
120°, of suffocating 
odour. 

HOCH.CONH, 

Glycollamide. 

Crys. M.-pt. 120°; 
does not form salts 
with bases. 

NHgCH.COOH 

Glycocoll. 

Crys. M.-pt. 236°. 
Forms salts with 
acids and bases. 

NH,CH,CONH, 

Glycocollamide. 

Crys. 


It is easy to see that the corresponding derivatives of the 
first and second vertical rows are always isomeric. 

Anhydrides of GlycoUio Acid. — 1. Glycollic acid can yield 
difierent types of anhydrides: (1) the elimination of one mol. 
of water from the alcoholic hydroxyls of two molecules of the 
acid produces diglycollio acid. 


< H,CO,H 
H,CO,H, 


which is obtained by boiling monochloracetic acid with lime. 
It forms large rhombic prisms, is a dibasic acid, and, as an 
ether, is not saponified when boiled with alkalis, but is decom- 
posed when heated with concentrated hydrochloric acid to 120®. 

2. Diglycollio acid loses water when heated, yielding the 
diglyoollic anhydride, 

/CH.COv 


3. Olyoollic anhydride, OH CH, CO O CH, CO,H, is an 
ester, which is formed when glycollic acid is heat^ at 100°. 
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It becomes hydrated again when boiled with water, and may 
be regarded as an ester derived from glycollic acid acting as 
an alcohol and as an acid. 

CH *0*00 

4. Olycolide, • ^ • , is also an ester anhydride, and 

00 *0*0x12 

is isomeric with 2 (and with fumaric acid). It is formed when 
sodium bromo-acctate is distilled in a vacuum. Lustrous 
plates; m.-pt. 87®. It becomes hydrated again when boiled 
with water. 

Glycocoll {Amino- dhane add), glycine^ amino-acetic acid, 
NHg-CHg-COgH (Braconnot, 1820). This is the simplest repre- 
sentative of the im}>ortant class of amino-acids, so called 
because they are derived from the fatty acids by the exchange 
of a hydrogen atom of the hydrocarbon radical for an amino 
group, e.g. CH3*C02H, acetic acid; CH2(NH2)*C02H, amino- 
acetic acid. 

Formation. — 1. By the action of concentrated ammonia 
upon monochloracetic acid: 

OHaCl CO,H + 2NH3 » NHj Clla'COJl + NH4CI. 

Di- and triglycollamic acids, NH(CH2'C02H)2 and N(CH2* 
00211)3, are produced at the same time. 

a-Chloropropionic acid in like manner yields alanine with 
ammonia (see Lactic Acid). The method is a general one for 
the production of amino-acids {Kolbe, A., 1860, 113 , 220, cf. 
J. C. 8., 1931, 1391). 

2. a- Amino-acids can also be obtained by reducing a-keto- 
acids in presence of excess of ammonia. 

3. By boiling glue and other proteins with alkalis or acids, 
glycocoll and other amino-acids are formed. 

4. Together with benzoic acid, by decomposing hippuric acid, 
i.e. benzoyl-glycocoll, with concentrated hydrochloric acid: 

HoIh^ ” NH, CH, C0,H + C,Hj C0,H. 

Properties . — Glycocoll forms large colourless rhombic prisms, 
readily soluble in water, but insoluble in absolute alcohol and 
ether. It has a sweet taste, hence the name “ glue sugar ’’ or 
glycocoll (yXvKvs, sweet, KoXXa, glue). It melts and decom- 
poses at 236®. Glycocoll, like all the amino-acids, possesses 
the properties of both an amine and an acid. OlyooooU 
hydrochloride, G|H^0t*HCl, crystallizes in prisms, and the 
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copper salt, copper glycocoU, (C2n4N02)2Cu f H20» which 
crystallizes in blue needles, the latter being obtained by dis- 
solving cupric oxide in a solution of glycocoll. Most of the 
other amino-acids also form characteristic copper salts of this 
nature, which serve for their separation. The absence of a 
free COgH group is indicated by the non-reaction with diazo- 
mcthane. In neutral solution the amino-acid consists of the 

neutral ion, NPl3*CHR*C0*0, zwitter ion or hybrid ion. 
Addition of acid yields the ion NIIg-CHR-COall, (I), and addi- 
tion of alkalis the ion NH^-CHR-CO-O, (II). (Bio. J., 1930, 24, 
1080.) The free acid is sometimes written as an inner salt 
NHg-CHg'UO'O. There is only one point at which this salt 

i ! _ 

or the zwitter ion can exist, and this is termed the isoelectric 
point. It corresponds with a definite })n value, and at this 
point there is no migration towards cither anode or cathode 
when the amino-acid is placed between electrodes. In more 
acid solution the complex cation I moves to the anode and in 
more alkaline solution the anion II towards the cathode. For 
glycocoll the value for pa is 5*96. Glycocoll also yields com- 
pounds with salts, and, as an acid, forms an ethyl ester, an 
amide, &c. (see table, p. 242). When heated with BaO it is 
decomposed into methyl-amine and CO2, while nitrous acid 
converts it into glycollic acid (the normal reaction of the 
primary amines). With ferric chloride it produces an intense 
red, and with copper salts a deep-blue coloration. 

Most a-amino-acids lose CO2 when heated carefully or with 
a high boiling solvent, and are readily reduced to amino- 
alcohols with sodium and alcohol. 

For other amino-acids derived from proteins cf. Chap. 
LX VII, Al. 

Ethyl amino-acetate (b.-pt. 43®/ll mm.) and nitrous acid 

yield the valuable ethyl diazo-acetate, ^CH'CO OCgHg, 

W 

from which hydrazine, NHg’NHg, and its hydrate were first 
prepared; and from the latter the remarkable compound, 
hydrazoic acid, N3H {Curlius). 

The reaction is of interest as in the aliphatic series the usual 
action of nitrous acid is to replace NHg by OH. 
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Alkyl and Acyl Derivatives of Glycocoll: 


Methyl -gly cocoll 
or SarcoBinc, 
CHa'NHCH, 
COOH 


Trimethyl-glycocoll 
or Betaine, 
CH.N(CH,),x 

COO 


Aoetyl-glycocoll 
or Aceturic Acid, 
CH2NHCOCH3 
COOH. 


Many of these alkyl derivatives occur as such in natural 
products, or may be obtained by the decomposition of certain 
natural compounds. Sarcosine is obtained by the decomposition 
of the complex natural substances creatine or caffeine. Betaine 
occurs in beet-root, and is present in large quantities in the 
molasses from beet-root sugar (B., 1912, 2248). It crystal- 
lizes with IHgO, which it readily gives up on heating. When 
heated at 293'“^ betaine is transformed into the isomeric methyl 
ester of dimethylaminoacetic acid, NMcg-CHg-CO-OMe; at 
higher temperatures it yields trimethylamine. It has been 
synthesized by the action of trimethylamine on monochlor- 
acetic acid (B., 1902, 603): 

Cl-CHj-COOH (CH3)3N(CI) CH3-C0-0H (CHs)3N'CH3 CO. 

1—0—1 

The substituted betaines with alkyl in the CHg group readily 
yield trimethylamine and a)3-unsaturated acids when heated, 
and such acidis are often found in nature with tertiary amines. 

Lactic Acids {Hydroxy-propionic acids). Wislicenus^ A. 128, 
1; 166, 3; 167, 304, 346.) — As has been already mentioned, 
two isomeric lactic acids are theoretically possible, viz. a- and 
^-hydroxy -propionic acids, and both of these are known. 

The minute investigation of the different lactic acids has 
been of very great importance for the development of chemical 
theory; tlie.y were formerly held to be dibasic, and the recog- 
nition of their hydroxy-monobasic nature has materially con- 
tributed to the acceptance of the theory of atomic linking, 
The molecule of a-hydroxy-propionic acid contains an 

.OH 

asymmetric carbon atom, CH 3 »CH<^ and hence should 

^CO,H. 

exhibit exactly the same kind of isomerism as was met with 
in the case of active valeric acid (p. 179). 

In reality two optically active a-lactic acids are known, one 
of which is dextro (d), and the other Isevo (1) rotatory. These 
two acids are identical in all their properties, with the excep- 
tion of optical activity. A mixture (or compound) of the 
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two in equal quantities is optically inactive, and is known as 
inactive {dl) or racemic (r) lactic acid. 

The molecule of jS-hydroxy-propionic acid does not contain 
an asymmetric carbon atom, and hence exists in only one 
modification, which is optically inactive. 


Modes of Formation 

Fermentation Lactic Acid 

Ethylcnc-lactic Acid 

1. By the regulated) 

oxidation of / 

2. By the exchange) 

of halogen for V 
hydroxyl in I 

3. By hydrolysis of | 

4. By action of ni- \ 

trous acid upon / 

6. By the reduction) 
'of / 

6, By the lactic fermcn 

a-Propylene glycol, 
Cn3CH(OH)CHaOH. 
a • Chloro- propionic 
acid, 

CHjCHClCOOH. 

Aldehyde-cyanhydrin, 

CH3CH(0H)CN, 

Alanine, 

CH8CH(NH3)C00H. 
Pyro-racemic acid, 
CHa-COCOOH. 
tation of sugar, &c. 

^-Propylene glycol, 
OHCHaCHa'CHaOH. 
^-lodo-propionic acid, 
CHalCHa-COOH. 

Ethylene-cyanhydrin, 

OHCHa-CHa-CN. 


1. dl-Ethylidene-lactic Acid (Propane-2-oh\‘-acAd), ordinary 
fermentation lactic acid, CH3*CH*(0H)*C02H. Discovered by 
Scheele, and recognized as hydroxy-propionic acid by Kolbe, 
Occurs in opium, sauerkraut, and in the gastric juice. 

Preparation. — By the lactic fermentation of sugars, e.g. 
milk, cane- and grape-sugars by the lactic bacilli. The fer- 
mentation proceeds best at a temperature of 45®-55® in a 
nearly neutral solution, in the presence of air, attained by the 
addition of chalk or zinc-white to the fermenting mixture. 
The free acid can then be liberated from the zinc lactate by 
sulphuretted hydrogen. When a non-homogeneous ferment 
(e.g. decaying cheese) is used, the lactic acid at first produced 
is readily transformed by other organisms into butyric acid 
(p. 177). 

di-Lactic acid is also produced in large quantity by heating 
grape- or cane-sugar with caustic-potash solution of suitable 
concentration: 

CeH„0, 2C,H,0,. 

The same di-acid is formed by mixing equal quantities of 
the two active modifications. In syntheses the latter are 
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formed in equal amounts, and hence the inactive acid is 
obtained. 

Properties . — It forms a colourless viscous liquid, m.-pt. 18° 
and b.-pt. 122°/15 mm. soluble in water, alcohol and ether. 
It is used in tanning and dyeing, to a small extent in pharmacy, 
and also for the preparation of ethyl and butyl lactates which 
are used as solvents in Plastics industry. It is a stronger acid 
than propionic acid due to the a-hydroxyl group K x 10®== 13*8. 
When heated, it is partially converted into the anhydride, 
lactide, C^HgO^, and partially into aldehyde, CO, and HgO. 
Similarly it decomposes into aldehyde and formic acid when 
heated with dilute sulphuric acid to 130°, concentrated sul- 
phuric giving rise to carbon monoxide instead of formic acid: 

CH, CH(OH) COaH » CH, CHO + HCO.H. 

When oxidized, it yields acetic and carbonic acids; hydro- 
bromic acid converts it into a-bromo-propionic acid, and boil- 
ing hydriodic acid into propionic acid itself. 

The inactive acid is resolved into the two active modifica- 
tions by the crystallization of the strychnine salts {Purdie and 
Walker, J. C. S., 1892, 754). When green mould, PenicilUum 
glaucum, is sown in a solution of the ammonium salt of the 
inactive acid, the laevo-acid is assimilated more rapidly than 
the dextro-, and the solution thus becomes optically active 
{Linossier, B., 1891, 660). A very simple resolution has been 
accomplished by Purdie (J. C. S., 1893, 1143) by crystallizing 
the zinc ammonium salt, ZnCgHigOg, NH4C3H5O3, 2HgO. 
(Cf. Resolution of Racemic Acid, p. 290.) 

A number of well-defined salts are known, e.g. Calcium 
lactate* (C3H503)2Ca + bHgO; zinc lactate* (C3H303)2Zn 
+ SHgO; ferrous lactate* (C3H303)2Fe -f- SHfi. When 
sodium lactate is heated with sodium, di~sodium lactate* 
CH3*CH{0Na)-C02Na, which is at the same time a salt and 
an alcoholate, is formed. 

The derivatives of lactic acid, either as acid or as alcohol, 
are analogous to those of glycollic acid (see table, p. 242). 
Thus ethyl-lactic acid* a-ethoxy-propionic acid, CHj* 
CH(0C2H5)*C02H, a thick acid liquid which boils almost 
without decomposition, corresponds with ethyl-glycollic acid; 
ethyl lactate, which can be distilled without decomposition, 
with ethyl glycollate; laotamide* CH3*CH(OH)-CO-NH2, with 
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glycollamide; and alanine, OH3-CH(NH2)*CO*OH, with gly- 
cocoll. 

By the action of PCI5, lactyl chloride, ClIa CHCl-CO-Cl 
(p. 196), is formed; as the chloride of a-chloro-proj)ionic acid 
it is decomposed by water, yielding the latter acid and HCl. 

The following anhydrides of lactic acid are known; 

(1) Lactylic acid or Lactic anhydride, C6Hio05, which is 
analogous to glycoUic anhydride, and forms a yellow amor- 
phous mass. (2) Lactide, Cgllg 04 , analogous to glycolide 
(plates melting at 125°). (3) Dilactic acid, C6H13O5, the 

alcoholic anhydride, analogous to diglycollic acid. 

2. d-£thylidene-lactic acid, Sarco-lactic acid, para-lactic acid 
{Liebig), This occurs in the juice of flesh, and is therefore to 
be found in Liebig’s extract of meat. Its chemical properties 
are exactly similar to those of ordinary lactic acid; thus it 
readily yields lactide or aldehyde. Its salts differ to some 
extent, however, from those of the latter; thus, the zinc 
salt, 4 - 2 H 2 O, is much more easily soluble, and the calcium 
salt, 4 4 H 2 O, much more sparingly soluble than the corre- 
sponding common lactates. Such differences are usually met 
with between d- and Lcompounds on the one hand, and their 
r-isomeride on the other. 

3. 1-Ethylidene-lactic acid is obtained from the fermenta- 
tion of cane-sugar by means of the l-lactic bacillus. Its salts 
correspond exactly with the salts of d-lactic acid. They have 
the same formula, same solubilities, &c. 

4. Ethylene-lactic acid {Propane-^-ol-\-acid), hydracnjltc add 
(Wislicenus), forms a syrupy mass. It differs from lactic acid 
(a) by its behaviour upon oxidation, yielding carbonic and 
oxalic acids, and not acetic ; (b) by not yielding an anhydride 
when heated, but by forming water and the unsaturated acid 
acrylic acid, hence the name hydracrylic acid: 

CHa(OH) CH2 COOH - CH,:CH COOH + H,0. 

The esters of ^-hydroxy acids also lose water, yielding 
mixtures of a^- and ^y-unsaturated esters (Kon and Nar- 
gund, J. C. S., 1932, 2461), depending on the dehydrating 
agent used; (c) in solubility, and in the amount of water of 
crystallization of its salts (e.g. zinc salt, 4 - 4H2O, very readily 
soluble in water; calcium salt, 4 * 2H2O). As the OH is in 
the jS-position, it is not so strong an acid as a-lactio acid 
(^TxlO* - 3*1). 
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It may be synthesized from ethylene by means of the fol- 
lowing series of reactions: (a) the addition of hypochlorous 
acid, (b) conversion of the chlorhydrin into the corresponding 
nitrile, and (c) hydrolysis, e.g,: 

CHa : CHj OH CHa-CHaCl OH CHa CHa'CN 
OH OH* CHa COaH. 

Le Sueur (J. C. S., 1904, 827 ; 1905, 1888) has prepared 
several hydroxy derivatives of the higher fatty acids, e.g. 
a-hydroxy-margaric and a~hydroxy -stearic acids, and has 
found that a good yield (35-60 per cent) of an aldehyde can 
be obtained when the acid is heated to 240^-250®. The molecule 
of the aldehyde so obtained contains a carbon atom less than 
the molecule of the hydroxy acid, and water, formic acid, 
carbon monoxide, and a lactide are obtained as by-products. 


LACTONES 

All hydroxy acids tend to lose water under certain con- 
ditions, yielding anhydro-compounds. 

I'he manner in which this water is eliminated is very dif- 
ferent in the various types of hydroxy acids. 

. 1. In the case of the a-hydroxy acids, 1 or 2 mols. of water 
are usually eliminated from 2 molecules of the acid, }delding 
compounds of the type of diglycollic acid, glycollic anhydride, 
&c. 

2. In )S-hydroxy acids 1 molecule of water is usually elimi- 
nated from 1 molecule of the acid, and an a-^-unsaturated acid 
is formed, e.g.: 

CH, CH(OH) CHj, CO,H CH, CH ! CH CO*H (crotonic acid). 

3. In the case of y-hydroxy acids, e.g. y-hydroxy-butyric 
acid, 0 H*CH 2 *CH 2 *CH 2 *C 02 H, 1 molecule of water is elimi- 
nated from 1 molecule of the acid, and an inner anhydride or 
lactone is formed, 

CHaCH,v 

i \0 ^ butyro-lactone or butanolid. 

H, CO / 

The formation of such a lactone is characteristic of y-hydroxy 
acids. Many of these acids are so imstable in the free state, 
that when mineral acid is added to their salts the lactones and 
not the free acids are obtained. 
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The “ y-lactones ” are for the most part neutral liquids of 
faint aromatic odour, readily soluble in alcohol and ether, and 
distilling without decomposition. In aqueous solution an 
equilibrium between acid and lactone exists but on the side of 
the lactone (B., 1918, 430; Z. phys., 1919, 94, 111). They 
dissolve in alkalis, yielding the salts of the corresponding 
hydroxy acids, and form brominated fatty acids with HBr, 
and amino-acids or amides of y-hydroxy acids with NHg. 

An interesting lactone is undecalactom: 

CH3 (CH2)« CH CH : CH CO, 



obtained by distilling castor-oil with superheated steam, and 
dehydrating the undecylenic acid with sulphuric acid. It is 
used for peach, raspberry and strawberry flavourings. 

S- and but only a few a-lactones, from S-, and a-hy- 
droxy acids, are also known. They show marked differences 
in the ease with which they are formed and in their stability, 
the y-lactones being the most stable. (For a-Lactones see 
B., 1891, 4070; for B., 1897, 1954, cf. Chap. LVI, A.) 

The formation of lactones by warming the isomeric unsatu- 
rated acids, CnH2n-202, which contain the double bond in the 
p-y or y-8 position, with HBr or with moderately concentrated 
H2SO4, is worthy of note, e.g. : 

R CH : CH CHj COjH R CH CH, CH, CO. 

(For details see Fiitig and his pupils, A., 208 , 37, 111; 216 , 
26; 255 , 1, 275; 256 , 50 ; 268 , 110.) 

The reaction is generally regarded as the addition of IIBr 
or H2O to the double bond, and then the elimination of the 
Br or OH in the y-positiou with the H of the carboxyl group. 


B. Polyhydric Monobasic Acids 

Just as glycol on oxidation can yield the monohydroxy 
monobasic acid, glycollic acid, so the polyhydric alcohols on 
careful oxidation with nitric acid can yield polyhydroxy 
monobasic acids, e.g.: 

OHCH,CH(OH)CH,OH OHCHaCH(OH)CO,H. 
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They are usually designated according to the number of 
alcoholic hydroxyl groups present. This number can be 
determined by converting the acid, or better, its ester, into 
the acetyl derivative, and estimating the number of acetyl 
groups by analysis or by hydrolysis (p. 233). 

In none of these acids do we find more than one OH group 
attached to the same carbon atom. All have the properties of 
monobasic acids and, in addition, the properties of polyhydric 
alcohols. Those which contain a hydroxyl group in the y- 
position readily yield lactones. 

Most of the compounds belonging to this class either crys- 
tallize badly or are gum-like. A number of these acids are 
formed by the cautious oxidation of the sugars or of the 
unsaturated acids, CjiH2n~2^2 P- 1^^)* 

I. DIHYDROXY MONOBASIC ACIDS 

Glyceric acid (Propa.ne-2 : 3-dioM-actVf), OH-CHg-CHfOH)* 
C()2H, is a syrupy liquid which is obtained by the cautious 
oxidation of glycerol. The molecule contains an asymmetric 
carbon atom, the artificial acid is optically inactive, but a d- 
and an Z-modification are known (Franklartd, J. C. S., 1891, 96). 

Various compounds obtained from natural sources are closely 
related to the dihydroxy acids, viz. serine, a-amino-j5-hydroxy- 
propionic acid, obtained by boiling silk glue with dilute acids; 
ornithine, aS-diamino-valeric acid; and lysine, ae-diamino- 
caproic acid, obtained by the hyiirolysis of casein. 

II. TETRA- AND PENTA-HYDROXY MONOBASIC ACIDS 

The tetra- and penta-hydroxy acids, e.g. OILCHg-CCH-OHlg 
COjjH and 0H*CFl2 (CH 0H)4-C02H, are of particular im- 
portance, on account of their close connexion with the simple 
sugars. They are obtained either by the cautious oxidation 
of the corresponding sugars, e.g. by means of bromine water: 
or by the reduction of the corresponding dibasic acids (sac- 
charic acid, &c.); or, lastly, by the addition of hydrocyanic 
acid to the poly hydroxy aldehydes or ketones, just as lactic 
acid is formed from aldehyde. Conversely, the acids, in the 
form of their lactones, are on the one hand reconverted into 
the sugars by reduction with sodium amalgam; while, on the 
other hand, they are oxidized by nitric acid to the correspond- 
ing dibasic acids. 
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The acids are named according to the sugar to which they 
are related (cf. Chap. XIV, A.); 

Arabinose Arabonic Acid; Glucose -> Gluconic Acid. 


Some of the acids are known in the form of their lactones 
only. The phenyl-hydrazones are frequently made use of for 
their isolation. The penta-hydroxy acid 

0HCH2CH(0H)CH(0H)CH(0H)CH(0H)C(\H 

has 4 distinct asymmetric carbon atoms, and hence exists in 
many stereo-isomeric forms, viz. the same number as the 
corresponding aldo-hexoses (Chap. XIV, A.), eight ])airs of 
active isomerides and eight racemic compounds, many of which 
are actually known. 

Three extremely important methods have been employed 
(mainly by E. Fischer) for the preparation of these acids: 

1. Oxidation of the corresponding aldehyde (a sugar), c.g. 
ordinary glucose wdien carefully oxidized with chlorine- or 
bromine-water yields d-gluconic acid: 

ohch,(choh)4Ch: 0 ohoh,(choi{vcooh. 


2. From a stereo-isomeric acid by intramolecular transfor- 
mation under the influence of high temperature, and generally 
in the presence of an organic base, e.g. d-gluconic heated with 
quinoline and water yields d-mannonic ; galactonic talonic. 

The reaction is a reversible one, and hence the final product 
is a mixture of the two acids, which can be separated by the 
difference in solubility of certain of their salts. 

The name e'pimerization is given to this reaction w^hich in- 
volves an inversion of two groups attached to the a-carbon 
atom. 

3. The addition of hydrogen cyanide to a polyhydric alde- 
hyde or ketone and subsequent hydrolysis, e.g.: 

0H CH2(CH 0H), CH0 OH-CH, (CH OH), CH(OH) CN 
OHCH,(CHOH),CH(OH)CO,H. 


It is obvious that an additional asymmetric carbon atom is 
introduced by the addition of the HCN, and thus a mixture 
of two stereo-isomeric nitriles is formed, and on hydrolysis a 
mixture of two stereo-isomeric acids, e.g.; 


c{-Arablnose<^ 


/•Glucomc acid 
Z-Mannonio acid. 
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Thia reaction is somewhat similar to the addition of HCN 
to acetaldehyde, the main difference is that the original com- 
pound is optically active, and hence its molecule is dissym- 
metric. By the addition of HCN two compounds are obtained, 
as a rule not in equal amounts, both of which are optically 
active, but do not stand in the relationship of object to mirror 
image. 

Gluconic acid is largely used in the form of its calcium salt 
for supplying deficiency of calcium in the human body. It 
can also be obtained by special bacterial fermentation of 
glucose. 


C. Hydroxy Aldehydes 

Examples are glycollic aldehyde, OH CHg-CH-.O, aldol, 
CH 3 CII(0H) CH 2 -CH :0 (see p. 154), and glyceric aldehyde, 
On*CH 2 *CH{OIl)-CH: 0. The last-named is contained in 
glycerose, a product obtained by oxidizing glycerol with bro- 
mine water. Alkalis convert it into a mixture of sugars, 
CgHjjOg (see a-Acrose). y- and S-hydroxy aldehydes are also 
known and exist in equilibrium with cyclic isomerides: 

/CH(OH) • CH, 

CHa CH(OH) CHa CH,'CH : 0 ^ 0< | 

CH{CH,)CH. 

(For further examples cf. Monosaccharides, Chap. XIV, A.) 

D. Dialdehydes 

Glyoxal (Efhane-dial), CHO-CHO (DehtiSy 1856), is formed 
by the careful oxidation of alcohol, or better, of aldehyde; it 
possesses all the characteristic properties of aldehydes; one 
molecule of the aldehyde is capable of combining with two 
of hydrogen cyanide or of sodium hydrogen sulphite. 

E. Hydroxy -ketones 

Aoetoin, methyl ^-hydroxyethyl ketone, CH 3 -C 0 *CH( 0 H)* 
CH 3 , is the methyl analogue of benzoin (Chap. XXIX). As an 
a-hydroxy-ketone it is readily oxidized and also forms solid 
polymers. Aoetylcarbinol (hydroxyacetone), CHg-CO-CH^’OH 
and Dihydroxyacetone, OII CH^ CO CHj'OH, are other ex- 
amples. 
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F. Diketones 

The (iiketoncs are known as a or 1:2, ^ or 1 : 3, and 
y or 1 : 4-ketones. 

a. Diacetyl, Butane-dione, a-diketo-butane, CHg-CO^CO-CHg, 
b.-pt. 87®-88^, can be prepared by boiling iso-nitrosomethyl - 
acetone, CH 3 *C(:N*On)-CO-CH 3 (from methyl ethyl ketone 
and nitrous acid), with dilute H 2 SO 4 , when the oximino group 
is replaced by oxygen. It is a yellow-green liquid, its vapour 
having the colour of chlorine, and an odour similar to that of 
quinone. It is largely used as a butter flavouring and is formed 
by the action of lactic acid bacteria on butter. Reduction 
converts it into dimethyl-ketol. Homologues are known. 

Acetyl-acetone, CHa-CO-CHa-CO-CHg, formed by the 
action of aluminium chloride upon acetyl chloride and sub- 
sequent decomposition of the aluniinium compound, or better 
by the action of sodium upon a mixture of ethyl acetate and 
acetone (see Aceto-acetic ester synthesis (this Chap., H2); it 
is a liquid wkich boils at 137°. 

CH3 CO OC2H5 + CH3 CO CH, « CHj-CO CHs CO'CHs + C3H3OH. 

y. Acetonyl-acetone, 2 : b-diketo-hexane, CHg CO CIIg CHg- 
CO-CHg, may be prepared from monochlor-acetone and ethyl 
aceto-acetate ; also from diaceto-succinic ester. It is a liquid 
of pleasant odour, and boils at 188°. 

As diketones they yield mono- and dioximes, and also 
mono- and dihydrazones. Such dihydrazones, and also those 
from the dialdehydes, are termed osazones, e.g. diacetyl 
osazone. 

C3H3NHN : CMeCMe : NNHCeHj. 

Osazones are also formed by the action of phenylhydrazine 
on polyhydroxy aldehydes or ketones, e.g. glucose and fructose 
(cf. the phenyl-hydrazine compounds of the carbohydrates). 

The diketones show the most varied behaviour on condensa- 
tion. Alkali and the a-diketones, with hydrazine and hydroxy- 
lamine yield benzene derivatives (Quinone, Chap. XXV, E.); 
the ^-diketones yield pyrazole and isoxy-azole derivatives, and 
serve for the synthesis of derivatives of quinoline (Chap* 
XLIV, A2); while the y-diketones are easily converted into 
the derivatives of pyrrole, furane, and thiophene, and the 
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S-diketoues into derivativefj of pyridine (Chap. XLIII, B.) 
and tetrahydrobcnzene. 

The constitution of the above compounds is usually deduced 
directly from their mode of formation, but as certain of them 
react as tautomeric substances (cf. Ethyl Aceto-acetate) special 
physical methods have also been used (Chap. LXXI). 

G. Aldehydic Monobasic Acids 

Glyozalic acid (Ethanal acid), glyoxylic acid, CH0-C02H, 
occurs in unripe fruits such as grapes, gooseberries, &c., 
and may be prepared by superheating dichloracetic acid, 
CHCl2*C02H, with water, replacement of 2C1 by 2(OH) and 
elimination of water. It crystallizes in rhombic prisms, 
dissolves readily in water, and is volatile with steam. The 
acid and most of its salts contain one molecule of water of 
crystallization, which points to the formula CH( 0 H) 2 *C 02 H, 
analogous to that of chloral hydrate. 

Glycoronic acid, CH0[CH*01IJ4*C02H, corresponds in 
structure with d-gluconic acid. The lactone of this acid forms 
colourless crystals, which melt at about The acid itself 

is obtained from saccharic acid by reduction with sodium 
amalgam. It occurs in many animal organisms and has the 
property of reacting with many toxic compounds or com- 
pounds not readily oxidized in the system and being excreted 
as such. With alcohols and phenols it forms compounds of 
the type of a- and jS-gluoosides (Chap. XIV, A.). 

H. Monobasic Ketonic Acids 

Ketonic acids are compounds which contain both a carbonyl 
and a carboxylic group ; they react as acids, and also as ketones ; 
thus, besides being capable of forming salts, esters, &c., they 
also combine with sodium bisulphite, yield oximes with hy- 
droxylamine hydrochloride (see p. 160), are reduced by nascent 
hydrogen to hydroxy acids, and so on. The most important 
members of this class are pyroracemic acid, CHa'CO COaH, 
acefanacetic acid, CHg-CO-CHj-COgH, and Imyolic acid, 
CHsCOCHj-CHjCOgH. 

The three acids mentioned above are examples of the three 
well-known groups: a-, and y-ketonic acids or 1 : 2, 1 : 3, 
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1 : 4-ketomc acids, in which the CO group is in the a-, or 
y-poaition with respect to the CO^H group. The structure of 
any given acid can usually be determined by its iiKhhod of 
synthesis or by the hydroxy acid formed on reducing the -CO 
to -CHIOH). 

The systematic names of the three acids are pyroraceniic ^ 
propane-2-one-l-acid, acetoacetic = butane-3-one-l-acid and 
Ifevulic = pentane-i-one-l-acid. 

The a- and y-acids are relatively stable; some can be dis- 
tilled without undergoing decomposition; but the ^-acids are 
remarkably unstable, and readily lose carbon dioxide, yielding 
ketones. All the ketonic acids on careful reduction yield 
hydroxy acids. 

Certain of the a-acids lose carbon dioxide when heated with 
10 per cent sulphuric acid at 150'^ and oxidation of a-acids 
with 30 per cent perhydrol yields an acid with one less C atom, 
thus pyruvic gives acetic. 


1 a -Ketonic Acids 

a-Ketonic acids are formed w^hen the acyl cyanides are 
hydrolysed {Claiaen and Shadwell)y B., 1898, 1023): 

CH 3 CO CN -f 2H,0 - CH 3 CO CO 3 H -f NH, 

Acetyl-cyanidc Pyroracemic acid 

and on reduction yield a-hydroxy acids. 

Pyruvic or pyroracemic acid, CH3 CO CO2H, is a liquid 
readily soluble in water, alcohol, and ether, boils with slight 
decomposition at and smells of acetic acid and 

extract of beef. It is formed by the dry distillation either of 
tartaric or of racemic acid, hence its name. In this decom- 
position carbon dioxide is probably first evolved and the gly- 
ceric acid 80 formed, then loses water, yielding pyruvic acid. 

|CO;::H CH(OH) CH(OH)^ -s. CH,(OH) CH(OH) CO,H. 

It can also be obtained by the regulated oxidation of the 
corresponding hydroxy acid, lactic acid, CH 3 *CH( 0 H)*C 02 H, 
with perhydrol in the presence of a little ferric acetate (Fenton 
and Jonesy J. C. S., 1900, 71). Other oxidizing agents yield 
oxalic acid. 
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It has a tendency to polymerize, and nascent hydrogen 
reduces it to ethylidene-lactic acid: 

CH» CO CO,H f 2H - CH3 CH(0H) C0aH. 

It is a relatively strong acid owing to the negative nature 
of the CO group, K x 10* — 56. It reacts as a ketone with 
phenyl-hydrazine, hydroxylamine, and hydrogen cyanide. 

The phenyl«]i 3 rdrazone crystallizes readily, melts at 190® 
when quickly heated, and is largely made use of in detecting 
the acid. The acid also resembles the ketones in the readiness 
with which it forms condensation products, yielding either 
benzene derivatives or— in presence of ammonia — those of 
pyridine. 

The electrolysis of a concentrated solution of the j)ota8sium 
salt proceeds in the normal manner, the CHg-CO-COO* groups 
formed at the anode yield diacetyl and carbon dioxide (cf. 
Electrolysis of potassium-acetate solution), but secondary 
reactions also occur, and acetic acid is formed. 


2. p-Ketonlc Acids 

Claisen condensation: aceto-acetic and other /8-ketonic 
acids are obtained as esters by the action of sodium or sodium 
othoxide on ethyl acetate and its homologues: 

2(CH, CO OC,Hj) - CH, CO CH, CO OC,H» + C,H,OH. 

According to Claisen and Lowman (B., 1887, 651; 1893, 
2130; 1905, 713; 1908, 1260), the ethyl acetate is first con- 
verted by the sodium ethoxide into an additive compoimd: 

\ONa 

a derivative of ortho-acetic acid (p. 166), which then reacts 
with another molecule of ethyl acetate: 

CH, C^1oKt + H " CH, C(ONa):CH CO,Et +2EtOH 

CH, C(OH):CH CO,Et CH, CO CH, CO,Et. 

( ■ 480 ) 


10 
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From the sodium salt thus obtained, the aoeto-acctic ester 
can be liberated by acetic acid, probably first as the enolic 
compound, which is immediately transformed into the ketonic. 

Another explanation (Scheibler) is that the sodium ethoxide 
forms the sodium derivative of the enolic form of ethyl acetate, 
viz. CH2:C(OEt)(ONa), which condenses with a second 
molecule of the ester, the acetyl group becoming attached to 
the methylene group and the OEt to the second carbon 
CH3-CO*CH2-C(ONa){OEt)2. This product decomposes into 
ethyl acetoacetate and sodium ethoxide. 

CH, CO-CH,-C(ONa)(OEt)j-> CHa-CO CHg CO OEt + NaOEt, 

which react to give the sodium derivative of the enolic form 
of ethyl acetoacetate and ethyl alcohol; 

CH,C(ONa):CHCO*OEt + EtOH. 

(Compare Michael, B., 1900, 3731; 1905, 1922; Stoermer and 
Kippe, 1905, 1953; 1922, 789.) 

As shown in the above formation of aceto-acetate ester, one 
molecule of ethyl acetate reacts with a second molecule. Many 
reactions of an analogous nature can be effected : 

(a) With two molecules of the same ester, e.g. ethyl pro- 
pionate gives ethyl propionyl-propionate, CHg-CHa-CO-CHEt* 
COgEt; ethyl methoxyacetate, 0Me*CH2*C02Et gives ethyl 
ay - dimethoxy - acetoacetate, 0Me-CH2-C0-CH(0Me)*C02Et, 
and ethyl succinate gives succinilo-succinic ester (Chap. XVIT). 

(b) With a mixture of two esters, e.g. ethyl acetate and ethyl 
oxalate, and EtONa the product is ethyl oxalylacetate (cf. 
Dieckmann B., 1900, 2670): 

C()2Et COjOEt HiCna CO,E^ - COaEt CO CHa COaEt + EiOH. 

(c) Esters also readily react with ketones, with the formation 
of diketones (Z. Claisen ) : 

CH, CO-OEt -f CH 3 CO CH, « CHj CO CHj CO CH, 4- EtOH. 

Acetyl-acrtone 

When ethyl formate is employed, ketonic aldehydes are not 
obtained, but their structural isomers, hydroxy-methylene 
compounds; with acetone, for example, hydroxy-methylene 
acetone, thus: 

H CO OCjH^ 4- CHj CO CH, - CH(OH) : CH CO CH, 4 - 

Ethyl formate Hydroxy-methylene-acetone 
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This condensation between esters, or between esters and 
ketones, in the presence of sodium ethoxide is usually known 
as ClaiserCs reaction, and is of extreme importance as a syn- 
thetical process. (For summary see B., 1905, 709.) 

When metallic sodium is used it is essential that small 
amounts of altohol should be present in order to yield the 
sodium ethoxide, Sodamide can replace sodium ethoxide 
(B., 1905, 693). 

Aceto-acetic acid, CH3*C0*CH2*C02H, is a strongly acid 
liquid, miscible with water, and breaking up into acetone 
and carbon dioxide when warmed. It is prepared by the 
cautious hydrolysis of its ethyl ester. Its aqueous solution is 
coloured violet-red by ferric chloride. The Na- or Ca-salt is 
sometimes contained in urine. Its constitution as acetone- 
carboxylic acid follows from the products of decomposition. 

The ethyl ester, ethyl aceto-acetate, or aceto-acetic ester, is 
prepared by the Chisen condensation. It is liberated from the 
sodium derivative by the addition of acetic acid, and purified 
by distillation under reduced pressure. It boils at 181°, or at 
71° under 12*5 mm. pressure, is only slightly soluble in water, 
but readily in alcohol and ether, and has a pleasant fruity 
odour. Ferric chloride colours its aqueous solution violet-red. 
Extremely characteristic are the products to which it can give 
rise on hydrolysis. 

1. Normal Hydrolysis . — As an ester, it can be hydrolysed to 
the corresponding acid and alcohol, viz. aceto-acetic acid and 
ethyl alcohol. This reaction occurs only when it is extremely 
carefully hydrolysed in the cold with dilute alkali. 

2. Keionic Hydrolysis . — This hydrolysis is best accomplished 
by the aid of dilute sulphuric acid or baryta water, 

CHjCOCHjiCOOiCsH, 

h! ;oh, 

the products being acetone, carbon dioxide, and ethyl alcohol. 
It takes place also when the ester is heated wdth a little water 
at 200° (A., 1913, 398 , 242). 

3. Acid Hydrolysis . — This takes place most readily when the 
ester is heated with concentrated alcoholic potash or soda, 

Cn,CO:*CH,COO;C,H, 

HOiH HjOH, 

the products being acetic acid and ethyl alcohol. 
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Ethyl aceto-acetate has been represented by the formula 
CHg-CO-CHg’COgEt, and undoubtedly numerous arguments 
can be brought forward in favour of tliis constitution; e.g. it 
reacts with sodium bisulphite, with hydrogen cyanide, and 
with hydroxylamine as a ketone; with nitrous acid it yields 
an isonitroso compound indicating the presence of the 
CH*C0*CH2* group, and hence should contain the C*CO*C 
group; a further argument for the ketonic constitution is to 
be found in the decomposition of the acid into acetone and 
carbon dioxide. On the other hand, with ammonia or amines 
it gives ^-amino-, or substituted ^-amino-crotonic acids, e.g. 
CH3*CH(NH2):CH*C02H; with phosphorus pentachloride it 
yields /3-chloro-crotonic acid, CHg-COliCll-COjJI, and with 
diazo-methane it gives the methyl ether, CH3*C(OMe):CH* 
C02Et; with acetyl chloride and pyridine it yields CH^* 
C(0Ac):CH*C02Et, and the sodium derivative with ethyl 
chloroformate gives CH3*C(0*C02h^t) : CH'COaEt. These latter 
reactions could be most readily explained by assuming the 
constitution CH3-C(0H):CHO02Et, i.e. ethyl jS-hydroxy- 
crotonate for ethyl aceto-acetate. The ester is thus a typical 
tautomeric substance, reacting as though it possessed two dis- 
tinct constitutions, and a study of the chemical properties 
alone will not, as a rule, determine with certainty wliich of 
the two is the more probably correct. 

The following suggestions have been made to accoimt for 
the tautomerism: 

(а) The ester is really a mixture of the two distinct com- 
pounds. 

(б) The pure ester is unstable, and although it may have 
the one constitution, e.g. ethyl aceto-acetate or ketonic con- 
stitution, in the presence of various reagents it is readily 
transformed into the isomeric compound with the enolic con- 
stitution, i.e. ethyl ^-hydroxy-crotonate. 

(c) According to Van Laaty the tautomerism is due to an 
oscillatory hydrogen atom, which cannot be regarded as per- 
manently attached to C or to 0, but as continually oscillating 
between the two. 

A careful examination of the physical constants (cf. Chap. 
LXXI) has shown that the ester is an equilibrium mixture of 
the keto and enol forms, but that in the mixture the keto form 
preponderates. By using Meyers bromine method of titration 
(Chap. LIII, A.) it has been possible to demonstrate the manner 



ETHYL ACETO-ACETATE 


261 


in wMoh the equilibrium is afiected by change in conditions, 
e.g. temperature, solvent, &c. 

At room temperature the ordinary ester contains only 7 
per cent of enol, and the amount decreases with rise of tem- 
perature and increases with different solvents in the order: 
water 0-4, alcohol acetone, ethyl acetate, benzene, ethyl ether 
hexane 464 per cent under comparable conditions. 

Both keto and enol forms have been obtained in a pure 
state by cooling the mixture in light petroleum to —78*^. 
The keto form melts at —39°, has n^^^^ = 1*4225, and does 
not react with bromine or ferric chloride at low temperatures. 
The enol has a m.-pt, below the —78°, has np^® = 1*4480, and 
reacts with bromine or ferric chloride even at —78°. 

This type of tautomerism is shown by most j8-ketonic esters 
and jS-diketoncs, and is usually termed Ketoenotic tauto- 
merism (Chap. LIII, A.). 

1. Ethyl Aceto-acetate as a Synthetical Reagent.— One 

atom of hydrogen in the aceto-acetic ester molecule is readily 
replaceable by metals (Geuther; Conrad, A., 188, 269). The 
80^0 derivative is formed together with hydrogen on the 
addition of sodium, and also when an alcoholic solution of 
the ester is mixed with the calculated amount of sodium 
ethoxide in absolute alcohol, CH3*C(0Na):CH*C02Et. This 
sodio derivative forms long needles or a faintly lustrous 
loose white mass. The copper salt crystallizes in bright 
green needles. 

The sodium is readily replaced by alkyl radicals when the 
sodio derivative is heated with an alkyl bromide or iodide; 
sodium bromide or iodide is thus formed together with alky- 
lated aceto-acetic esters, which are of great interest in various 
syntheses, e.g. ethyl methylacetoacetate, CH3*C0*CH(CB[)3* 
CO2C2H5, and the corresponding ethyl- and propyl-acetoacetic 
esters, &c. Although the sodio derivative has the enolic 
structure, i.e. Na attached to 0, in the alkyl derivatives, 
formed by the action of alkyl halides on the metallic com- 
pound, the alkyl group is attached to C and not to 0 (keto 
structure). In these alkyl compoimds the hydrogen atom of 
the CH group may be again replaced by Na, and this again 
substituted by alkyl, with the production of dialkylated aceto- 
acetic esters, e.g. dimethylacetoacetic ester or ethyl dime- 
thylacetoacetate, CH3*C0*C(CH,)2*C02C2H5 ; methylethylaoeto- 
aoetic ester, CH2*C0*C(CHg)(C2H5)*C0j|C2ll6, and so on. The 
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mono ftlkyl compounds exhibit keto-toicdic tamtom^rkm, but 
not the dialkyl compounds. 

These alkylated aceto-acetic esters exactly resemble the 
mother substance, especially in the manner in which they 
can be decomposed by either the “ ketonic hydrolysis or 
the ‘‘ acid hydrolysis ” (cf. p. 259). The formation of ketone 
largely predominates when dilute acid is employed, and of 
fatty acids when concentrated alkali is used. 

In the ketonic hydrolysis the alkyl groups introduced are 
left attached to a carbon atom of the acetone molecule, e.g. : 


CHa-COCMeEtCOaiEt 
4- H iOH 


Eton + COa 4- CHg CO CHMeEt. 


This affords a very general method for the synthesis of some 
of the higher ketones. 

In the acid hydrolysis the alkyl groups remain attached to 
the carbon atom, which is united to the carboxylic group, e.g. : 

^+‘hoIh^'*’‘+ HiOH “ CH, CO,H + CHMe.CO.H + EtOH. 

This affords a simple method for synthesizing any mono- or 
dialkylated acetic acid, e.g.: CHg-CHg-OOgH ; CgHs-CHg- 
CO^H; (CH3)(C2H5)CHC02H; (CH3)(C3H7)CH-C02H. (Cf. 
Ethyl malonate synthesis, Chap. X, A.; also Wislicenus and 
his pupils, A., 186 , 161.) 

2. Acyl groups may be introduced in place of alkyl radi- 
cals into aceto-acetic ester by similar methods, e.g. from acetyl 
chloride, diaceto-acetic ester, (CH3 C0)2CH C02C2H3. The 
product obtained varies with the conditions. When an acyl 
chloride reacts with the sodio-derivative of ethyl acetoacetate 
the chief product is the C-acyl derivative, viz. (Clla-CO) 
(E<)0)CH-C02Et, but when the free ester is treated v/ith 
an acyl chloride in the presence of pyridine the isomeric 0-acyl 
derivative is obtained, e.g. R-CO-O-C-CMeiCH-COgEt. The 
0-derivatives, when heated or when warmed with potassium 
carbonate, are transformed into the isomeric C-compounds. 

Ethyl chloroformate and the sodio-derivative yield the 
0-derivative CH3'C(0-C02Et):CH*C02Et together with a 
small amount of the C-derivative, aceto-malonic ester, 
(CHg-CO) *011(00202115)2; from monochloracetic ester, OHgOl* 
OO2C2H5, aceto-succinic ester, CH3COCH(CH2*CO202H5) 
(CO2O2H5) may be similarly obtained (see Malonic and Suc- 
cinic aci^, and also the Synthesis of dibasic acids), &€. 
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3. Iodine acts upon sodio-aceto-acetic ester, yielding dia- 
cetosaccinio ester: 


CH,COCHNaCO/J,H5 CHjCOCHCOAH* 

+ Ij - I + 2 NaI. 

CH,C0CHNaC02(\H, CH.COCHCOgC.Hs 

4. In addition to the above-mentioned simple syntheses, a 
number of more complex syntheses may be effected by means 
of ethyl acetoacetate. Many of these lead to the formation of 
closed -chain compounds, and will be described in connexion 
with the various groups of ring compounds. The following 
may be mentioned as the more important: 

(a) HantzscJis synthesis of pyridine derivatives, e.g. ethyl 
dihydrocollidine dicarbozylate. 


.meiqCOaEtk 
NH< ^HMo, 

CMelCiCOgEtK 

by heating ethyl acetoacetate with ald(*hyde ammonia. 

(b) The formation of 0X3ruvitic acid (a benzene derivative), 
(^gH 2 (CH 3 )( 01 l)(C 02 lI) 2 , by the action of chloroform on the 
sodio-derivative. 

(c) The formation of methyluracyl by the condensation of 
ethyl acetoac('tatc with urea. 


/NH, EtOOCv 
CH.CO^ 


CO<^ ' f >CH, -> O 


/NHCO 

30<( 

\NHC(CH3 




(Synthesis of Uric Acid, Chap, XIII, C.). 

(d) The production of forane and pyrrole derivatives by 
heating ethyl diacetoauccinate (see Synthesis 3) with acids 
or with ammonia and amines. 

(e) The synthcwsis of 


OMe : Nv CMe NMe. 

I >N-C,H, and || 

CH,CO^ CH — CO^ 

Phenylmethylpyraxolonc Phenyldimcthylpyrazolone 


by the condensation of ethyl acetoacetate with phenylhydra- 
zine and methyl phenylhydrazine respectively (Chap. XLII, A.). 

Chlor- and dichlor-aceto-acetio esters, which are very active 
chemically, are produced by the replacement of the H of the 
methylene group by Cl. The two methylene hydrogen atoniis 
are also replaceable by the isonitroso group, :N-OH (by the 
action of NgOj), and by the imido group, :NH. 
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3. Y-Ketonic Acids 

Lsevulic acid, ;8-aceto-propionic acid, pentane-4»one-l- 
acid, Cll 3 *C 0 *CH 2 *CH 2 *C 02 H, forms crystalline plates, melts 
at 33°, and boils at 239°. It is formed by the action of acids 
upon cane-sugar, lievulose, cellulose, gum, starch, and other 
carbohydrates, and has also been prepared synthetically. It 
is employed in cotton printing and for the preparation of anti- 
thermine, and its methyl and ethyl esters are used as solvents 
for cellulose nitrates and acetates. 

y-ketonic acids do not exist as ends, but when distilled 
with acetic anhydride yield lactones of a j8y-unsaturated acid, 
e.g. Isevulic acid yields CH^-OiCII CHa 



X. DIBASIC ACIDS 

The molecule of a dibasic acid has two carboxylic groups, 
and can give rise to two series of salts or esters, viz. acid and 
normal and similarly two chlorides and two amides (cf. p. 268). 

A. Saturated Dibasic Acids, CnH 2 n- 204 » or Acids 
of the Oxalic Series 


Name 

Formula 

Melling-pt, 

K X 10‘ 

Oxalic 

CO,lI'CO.H 

1 Sublimps 1 

1 160“-160° 1 

10‘ 

Malonic . . 

CO,HCH*CO,H 

130^ 

100 

Succinic . . 

CO,H[CH4]j‘CO,H 

m 

6*8 

Glutaric . - 

COaH-tCHalaCOgH 

97 5 

4*8 

Adipic 

CO,H[CH,]vOO,H 

151 i 

3-7 

Piraelic . . 

C0gH[CH,]6*00,H 

103 1 

3-4 

Suberic .. 

COjH^CHjhCOaH 

140 

30 

Azclaic . . 

CO,H[CH,],CO,H 

1005 

2*6 

Sebacic . . 

CO,H-[CH,k*COaH 

127 

— 




FORMATION OF DIBASIC ACIDS 


265 


The alkyl substituted malonic and succinic acids have 
values for K of much the same order of magnitude as the 
parent acids. 

The above are solid crystalline compounds of strongly acid 
character, and most of them are readily soluble in water. 
When heated, they either yield an anhydride, or carbon di- 
oxide is eliminated and a monobasic acid formed ; but most of 
them can be volatilized in vdcuo. 

Formation, — 1. By the oxidation of the di-primary glycols. 
(See table, p. 242.) 

la. By the oxidation of hydroxy acids, and, generally, of 
many complex compounds, such as fats, fatty acids, and carbo- 
hydrates. 

2. By the hydrolysis of the corresponding nitriles; thus, 
oxalic acid is formed from cyanogen, and succinic acid from 
ethylene cyanide: 

(CN)2 -h 4H,0 - (COaH)* -f 2NH,. 

CN'(CH,)j, CN f 4H,0 » CO,H (CH,)2 CC)*H + 2NH,. 

Since ethylene cyanide is a glycol derivative, its conversion 
into succinic acid represents the synthesis from a glycol of an 
acid containing two atoms of carbon more than itself, i.e. the 
exchange of 2(OH) for 2(C02H), or the indirect combination 
of ethylene with 2 (C 02 H). 

3. By the hydrolysis of the cyano-fatty acids (p. 195), and 
consequently from the halogen fatty acids also. Thus chloro- 
or cyano-acetic acid yields malonic acid; ^-iodo- (or cyano-) 
propionic acid, common succinic acid; and a-iodo- (or cyano-) 
])ropionic acid, methyl-malonic acid. 

A dibasic acid can therefore be formed from each hydroxy 
acid by the exchange of OH for COgH, or indirectly from a 
fatty acid by the replacement of H by COgH. Thus: 

CH,(OH)COtHv 

' * ^CH,C1C0,-H CH,(ON) CO,H CH,(CO,H),. 

4. The homologues of malonic acid can be prepared from 
malonic acid itself by a reaction exactly analogous to the aceto- 
acetic ester synthesis (the “ Malonic ester synthesis p. 272). 

5. The dibasic acids are also obtained by means of the aceto- 
acetic ester synthesis. Aceto-malonic and aceto-succinic acids, 
which have already been mentioned at p. 262, 3 deld respec- 

( B 4S0 ) 10 • 



206 


X. DIBASIC ACIDS 


tively malonic and succinic acids by the elimination of acetyl 
(“ acid decomposition 

They can also be synthesize<l from ketones and ethyl cyano- 
acetate and ammonia: 

< H(CN)ro, 

^NI1 

H(CX)C(V 

and the cyclic iniidc on hydrolysis with sulphuric acid yields 
a /3^-disiibstituted glutaric acid COJI-CHa-CRR'-CHj-COgH 
{Kon and ThorpCy J. 0. 1919, 693). 

An aa-dialkylated succinic acid is formed by condensing a 
ketone-cyanhydrin with ethyl cyano-a(‘,etate and hydrolysing 
the product: 

RR'C(()H) CN + CH4CN) COjEt RR'C(CN) CH(CN) CO,Et 

CUaH CRR' CH, CO,H 

{Higson and Thorpe, J. 0. S., 1906, 1465). 

6. A dibasic acid can be synthesized by the elimination of 
Br 2 from 2 molecules of a bromo-acid in the form of the ester 
by means of silver, 

2R (;dIBr COaEt -> CO,Et CHR CHR COaEt. 

The yields are poor. 

7. Higher homologues are obtainable by the electrolysis of 
the ethyl potassium salts (p. 268) of the sim})ler dibasic acids, 
e.g. adipic acid from potassium ethyl succinate. 

The reaction is exactly analogous to the formation of ethane 
by the electrolysis of potassium acetate. For example, wdth 

potassium ethyl succinate the anions COgEt-CHg-CHg-COg* 

and kation.s K are present. When these become discharged at 
the electrodes during electrolysis, each COgEt-CHg-CHg-COg 
group splits up into carbon dioxide and the monovalent radical 
CK^gEt'CHg'^Hg*. Two such radicals then combine, yielding 
ethyl adipate, (TJgEt CHg-CHg-CHg-OHg-COgEt. The potas- 
sium formed at the cathode reacts with the water, yielding 
hydrogen and potassium hydroxide. 

The constitution of the acids Q- rule, very 

easy to determine from the above-mentioned modes of for- 
mation. According to these, one has to decide between the 
malonic acids proper, i.e. malonic acid and its alkyl derivatives 
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(p. 272), whose two carboxyl groups are both linked to one 
carbon atom: 

CHa(CO,H)„ RCHCCOjeH)^, RR'C(CO,H)„ 

and ordinary succinic acid and its homologues, which contain 
the carboxyls bound to two different carbon atoms. 

The bivalent acid residues, oxalyl, C3H2O2 

malonyl, and C4H4O2 = succinyl, which are combined with 
the two hydroxyls, are termed the radicals of the dibasic 
acids, and are examples of bivalent acyl radicals. 

Isomers , — Isomers of oxalic and malonic acids are neither 
theoretically possible nor actually known; two succinic acids 
are known, viz. : 

00,HCH,CH,C0aH and 0 H 3 GH(C 0 ,H),, 

corresponding with ethylene chloride and ethylidene chloride, 
and known as succinic acid and methylmalonic acid. 

Since ethylene cyanide can be prepared from the chloride, 
the above derivation of ethylene-succinic acid is also an experi- 
mental one. This is not the case, however, with the isomeric 
acid, since, as a rule, when several chlorine atoms are bound 
to the same carbon atom, as in ethylidene chloride, they cannot 
be exchanged for cyanogen. 

With the higher homologues the number of isomers is 
larger, e.g. the compound C3H^(C02H)2 exists in 4 isomeric 
forms, viz. glutaric acid COgHfCHglaCOgH ; methylsuccinic 
acid, C 02 H*CH 2 *CHMe*C 02 H; diraethylmalonic acid, 
COgH-CMcg-COgH and ethyl malonic acid, COgH-CHEt-COaH. 

The table on p. 264 illustrates two points: (1) The m.-pt.s 
of the acids with an even number of carbon atoms are rela- 
tively higher than those of the acids with an odd number. 
(2) Oxalic acid is an extremely strong acid, i.e. the acid in 
which the two carboxyl groups are directly united, and the 
strength of the acid tends to diminish as the chain between 
the two groups is lengthened. The values x W given are 
the primary dissociation constants for the first carboxylic 
group. Each acid has a secondary constant due to the secon- 
dary carboxylic group, for oxalic acid the value /fg x 10® = 1 3*4. 

Behaviour , — ^Many of the dibasic acids, in the molecules of 
which the carboxyls are attached to different carbon atoms, 
yield intramolecular anhydrides by the elimination of a mole- 
cule of water from one of the acid. These anhydrides may 
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be obtained either (1) by heating the acids alone, or (2) more 
generally by the action of phosphorus pentachloride, acetyl 
chloride, or carbonyl chloride upon the acids. They re- 
combine slowly with water to form the free acids. This for- 
mation of anhydride is favoured by the presence of sub- 
stituents in the molecule. Malonic and substituted malonic 
acids lose carbon dioxide and not water when heated. 

The elimination of water occurs most readily with succinic 
and glutaric acids and their substituted derivatives; in fact, 
with the acids containing a chain of 4 or 5 carbon atoms. 
This is undoubtedly to be attributed to the spatial relation- 
ships of the atoms within the molecule. Assuming that the 
four valencies of a carbon atom are s}Tnmetrically distributed 
in space (i.e. directed towards the solid angles of a tetra- 
hedron), then it can be readily seen by the aid of models that 
in acids of the above types the CO 2 H groups are brought 
suflBciently near to one another for water to be eliminated, 
and for a closed ring to be formed (compare Polymethylene 
Derivatives), 

The distance between the carboxylic groups in the different 
acids has been determined by Gane and Ingold (J. C. S., 1928, 
1594, 2268), and varies from 1-5 A for malonic to 16-8 A 
for n == 7 in the acids C02H(CH2)nC02H. 

The derivatives of the dibasic acids, i.e. their esters, amides, 
&c., show precisely the same characteristics as the analogous 
derivatives of the monobasic acids, especially in the readiness 
with which they are hydrolysed. 


DERIVATIVES OF DIBASIC ACIDS 


Derivatives 

Salts 

Esters 

Chlorides 

Amides 

Acid. 

/ 

COONa 

coon 

Acid sodium 
oxalate. 

COOCaHg 

COOH 

Ethyl-oxalic 

acid. 

COCl 

CO-()(H) 

(only known in 
derivatives). 

CONH, 

CO- OH 
Oxamic 
acid. 

I 

Neutral 

or 

normal. 

! 

1 

COONa 

COONa 
Neutral sodium 
oxalate. 

COOCgHj 

COOCjH* 

Ethyl 

oxalate. 

COd 

COCl 

Oxalyl 

chloride. 

CO-NHj 

CO-NH, 

Oxamide. 

1 

I 
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As in the case of the glycols, complications arise from the 
formation of mixed derivatives, e.g. partly ester and partly 
amide, as in the case of ethyl oxamate (p. 270), and also from 
the fact that many of the acids form imides. Such imides are 
derived from the hydrogen-ammonium salts of the acids by 
the elimination of two molecules of water, thus; 


>COOIl yCO. 

C,H/ i NII 3 =• 2H*0 + (‘JlZ >NIL 

Succinic acid Succinimidc 


Like the amides they are readily hydrolysed (cf. Succini- 
mide). 

Oxalic acid {Ethane diadd), (C02H)2, 2 H 2 O, is one of the 
oldest known organic acids, and occurs as its acid potassium 
salt in many plants, especially in Oxalis acetosella (wood-sorrel), 
and also as the acid or a salt in numerous other plants including 
rhubarb root. 

It may be prepared by a variety of different reactions. 

1. By the direct combination of carbon dioxide with sodium 
at 360^: 

2CO| + Na, CjOiNa*. 


2. By quickly heating sodium formate to a high tempera- 
ture: 


2HCO,Na - H, + C.O^Na,. 


3, It is often met with as an oxidation product of relatively 
complex carbon compounds, e.g. by the oxidation of alcohol 
by permanganate, and of sugar, starch, wood, &c., by nitric 
acid. The oxidation of cane-sugar with concentrated nitrid 
acid is often employed for the preparation of pure oxalic acid. 

4c, On the commercial scale, oxaUc acid was manufactured by 
the fusion of cellulose in the form of sawdust with a mixture 
of sodium and potassium hydroxides at 200°-220® in flat iron 
pans. The sodium and potassium oxalates were extracted with 
water, then precipitated as calcium oxalate, and finally 
converted into the acid by treatment with the requisite amount 
of sulphuric acid. This method has become almost completely 
displaced by method 2. 

It or^rataUixes from water with 2 H 2 O in large, transparent 
monochnic prisms which slowly effloresce in the air, and 
readily become anhydrous when carefully heated at 150"^; 
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the anhydrous acid sublimes unchanged, meets at 185"^ with 
decomposition (COo + H-COall and HgO 4 CO 4* CO2). 

The acid is readily soluble in water, moderately in alcohol, 
and somewhat sparingly in ether, and cannot be extracted from 
aqueous solutions by ether or other organic solvent. The 
aqueous solution decomposes when exposed to light. 

Concentrated sul]>huric acid decomposes it into carbon mon- 
oxide, carbon dioxide, and water: 

CJI.O, - CO^ f CO 11,0. 

Oxalic acid is stable towards nitric acid and chlorine, but 
permanganate of potash or mangaaiese dioxide in acid solution 
oxidizes it to carbonic acid 0 " ^COg HgO, and 

it is reduced by nascent hydrogen to glycollic acid. 

The strength of an aqueous solution of the acid may be 
determined by titration wdth standard alkali, using phenol 
phthalein as indicator, or by means of standard permanganate 
in the presence of sulphuric acid. 

Its salts are known as oxalates. The alkali salts, both acid 
and normal, are readily soluble in water, the normal sodium 
salt being the least so. The salt of sorrel ” of commerce is 
a mixture of CgOJIK and a salt, Kfl3(C204)2, 2H2O (cf. p. 176). 
The calcium salt, C204Ca, HgO (or dlfgO), is insoluble in water 
and acetic acid, and serves for the recognition of oxalic acid. 
Ferrous-potassium oxalate, (C204)2FeK2 + HgO, finds appli- 
cation in photogra})hy as a powerful reducing agent (the 
“ oxalate developer ”). 

Ethyl oxalate, (CO*OC2H5)2, which can be directly pre- 
pared from the anhydrous acid and ethyl alcohol without a 
catalytic agent, is liquid, while methyl oxalate, (CO 00113)2, 
is a solid, crystallizing in plates which melt at 54°; both of 
them possess an aromatic odour, distil without decomposition, 
and are extremely readily hydrolysed. Partial hydrolysis, with 
alcoholic potash solution, produces potassium ethyl-oxalate, 
COOK-COOCgHg, from which the free ethyl-oxalic acid, 
C00H*C00C2H5, which is reaflily hydrolysed, and its chloride, 
ethyl-oxalyl chloride, COCI-COOCgHg, can easily be prepared. 
Oxalic ester yields, with an excess of ammonia, oxaraide, and 
with one equivalent the mixed derivative, ethyl oxamate, 
NH2COCO-OEt. 

Oxalyl chloride, (COCl),, has been obtained by the action of 
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excess of phosphorus pentachloride on ethyl oxalate. It is a 
liquid, b.-pt. 70®, and has a pungent odour (B., 1908, 3558). 

Oxamide, NHg-CO-CO'NHg, the normal amide of oxalic 
acid, is obtained, among other methods, by the distillation of 
ammonium oxalate, by the partial hydrolysis of cyanog(in, 
but is most readily obtained by the addition of ammonium 
hydroxide solution to ethyl oxalate. It is a white crystalline 
powder, is readily hydrolysed, and by the abstraction of water 
may be converted into cyanogen. When heated it sublimes 
unchanged. 

Oxamic acid, NHg-CO-CO-OH, the amic acid correspond- 
ing with oxalic acid, is prepared by heating ammonium hy- 
drogen oxalate. It is a crystalline powder, sparingly soluble 
in cold water, possesses acid properties, and }nelds salts, esters, 
&c. It melts and decomposes at 210®. 

Ethyl oxamate, oxamethane, NIIg-CO-CO-OCgHs, is a crys- 
talline compound, and molts at 114®-! 15®. The action of 
PCI5 on this compound is first to form NIlj-CClg’CO-OCgllQ, 
ethyl-oxamine chloride, which readily loses hydrogen chlo- 
ride yielding NHrCChCO-OCgHs and ^finally NiOCO-OCgH^, 
cyano-carbonic ester. Corresponding with oxamide are 
dimethyl-oxamide, CH3 NH CO CO NIICH3, and correspond- 
ing with oxarnethane, ethyl dimethyl-oxamate, (Ci]3)2N-CO- 
CO-OCgHg, both of which were mentioned at ]). 117. 


Oximide 



NH, is prepared by the action of PCI5 upon 


oxamic acid. It forms colourless prisms yielding a neutral 
aqueous solidhm, which is readily hydrolysed on heating and 
wdth ammonia it yields o.xamide. 

Cyanogen, NX^-C'N, is the nitrile corres])ondmg with oxalic 
acid (Chap. XII). 

Malonic acid. Propane diacidy CH2(C02H)2, occurs in beet- 
root as its calcium salt, and may be obtained by the following 
methods : 

(1) By the oxidation of malic acid by means of chromic 
acid, hence its name; (2) by the hydrolysis of malonyl-urea 
(Chap. XIII, C.) {Baeyer)\ (3) by the hydrolysis of cyano- 
acetic acid, and hence from chloracetic acid: 


CN CH, CO,n + 2H,0 - CHa(COjH)a r NH,. 


It crystallizes in large plates, dissolves readily in w^ater, 
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alcohol, and ether, melts at 132°, and decomposes when heated 
to a slightly higher temperature. 

Ethyl malonate, malonic ester, CHgCCO- 002115)2, is usually 
obtained by passing hydrogen chloride into a solution of cyano- 
acetic acid (from chloracetic acid) in absolute alcohol. It is 
a liquid of faint aromatic odour boiling at 198°, and having a 
remarkable similarity to aceto-acetic, ester. Thus the hydro- 
gen of the methylene group, which is attached to two CO 
groups, is replaceable by sodium; and the resulting sodio- 
malonic ester readily exchanges the metal for alkyl when 
treated with an alkyl iodide. By this means the higher homo- 
logues of ethyl malonate, e.g. methyl-, ethyl-, propyl-, ifec., 
malonic esters, are obtained. Further, the second hydrogen 
atom in these can be exchanged in exactly the same manner 
for sodium and then for alkyl, whereby dialkyl malonic acids 
are formed. This so-called ** malonic ester ” synthesis 
is an important method for the preparation of the higher 
dibasic acids, being applicable even in complicated cases. 
(Of. Conrad and Bischoff, A., 204, 121.) It is also of importance 
for the preparation of some of the higher fatty acids, as the 
substituted malonic acids like malonic acid itself, when heated 
above their melting-points lose carbon dioxide and yield fatty 
acids ; 

CH3 . CH, V 

^{CO,H), >CH CO,H. 

C,H/ C,H/ 

Malonic anhydride, carbon suboxide, €902, 0:0:C:C:0, 
is formed when malonic acid is heated in a suitable apparatus 
at 140°-150°. (Dwls and Wolf, B., 1907, 355; cf. also 1906, 
689; Staudinger and St, Bereza, B., 1908, 4461.) The yield 
is only 10-12 per cent, and acetic acid and carbon dioxide 
are also formed. It is also formed from the chloride and zinc 
oxide. It is a colourless liquid, b.-pt. 4-7°, m.-pt. —107° 
and Djr 1*11. It reacts readily with water, hydrogen chloride, 
dry ammonia, and aniline, yielding respectively malonic acid, 
malonyl chloride, malonamide, and malonanilide. It is stable 
at low temperatures, but decomposes rapidly at 100°. 

Malonyl chloride, CH2(C0C1)2, from the acid and thionyl 
chloride, is a colourless liquid, b.-pt. 58°/27 mm. The half 
chloride COCl-CHa’COgH, obtained when less thionyl chloride 
is used, melts at 65°, and on keeping yields acetyl chloride and 
CO*. 
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The amide, m.-pt. 1G8®~170®, is readily formed by the action 
of ammonia on ethyl malonate, whereas dialkylated malonic 
esters do not react in this way. 

Succinic acid. Butane diacid y ethylene-succinic addy symmetri- 
cal ethane-dicarboxylic acid (from succinum = amber), COgH- 
CHg-CHg'COgH. This acid has been known for a long time; 
its composition was determined by Berzelius, It exists in 
amber, in various resins and lignites, in many Composite, in 
Papaveracea), in unripe wine grapes, urine, blood, &c. 

It may be obtained by most of the general methods described 
on p. 265, e.g. 1. By the hydrolysis of ethylene cyanide. This 
is an extremely important method, as it affords a synthesis of 
succinic acid and also establishes its constitution, since it can 
be shown that in ethylene dibromide the two bromine atoms 
are attached to distinct carbon atoms: 

CHj : CH* CH,Br CH,Br CN CH^ CH^ CN 
-> CO.HdVCHa CO^H. 

2. From ^-iodo-propionic acid by conversion first into 
^-cyano propionic acid and subsequent hydrolysis. 

3. By the reduction of fumaric and maleic acids, COgIPCH: 
CH-COgH. 

4. By heating its hydroxy acids, malic or tartaric, with 
hydriodic acid: 

CO,H CH(OH) CH, CO,H + 2HI - CO,H CH, CH, CO,H + I,. 

5. It may also be obtained by the fermentation of the salts 
of these hydroxy acids by means of certain micro-organisms, 
e.g. certain species of bacteria or yeasts. 

It is also formed in small quantities as a by-product in the 
alcoholic fermentation of sugar, and by the oxidation of fats, 
fatty acids, and paraffins by means of nitric acid. 

It is usually prepared from calcium malate according to 5, 
or by the distillation of amber. 

6. It may also be synthesized from ethyl malonate. The 
sodio-derivative of this ester reacts not merely with alkyl 
iodides or bromides, but also with the esters of halide fatty 
acids, e.g. ethyl bromoacetate. 

(CO,Et),CHNa + Br CHj COjEt - NaBr + (CO,Et)* CH CH, CO,Et. 

The product is ethyl ethane-trioarboxyiate, and when this 
is hydrolysed, alcohol, carbon dioxide, and succinic acid are 
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formed. This method is of general interest, as various sub- 
stituted succinic acids may be synthesized by this method. 
In place of sodio-ethyl malonate, the sodio-derivatives of esters 
of mono-substituted malonic acids may be used, and in place 
of ethyl bromo-acetate the esters of other halogen fatty acids, 
e.g. ethyl iodo-propionate or ethyl bromo- valerate. It has 
been shown [Bone and SpranMivg, J. C. S., 1899, 839) that 
better 3delds can be obtained by using ethyl cyano-acetate 
and its derivatives in place of ethyl malonate and its de- 
rivatives. 

Properties , — It crystallizes in monoclinic prisms or plates 
with an unpleasant faintly acid taste, is readily soluble in 
water, melts at 185"^, and boils at 235°, but is at the same 
time partially converted into its anhydride. (For its electrolysis 
see pp. 34 and 265.) Is very stable towards oxidizing agents. 

Of the salts of succinic acid, the basic ferric salt, obtained 
by the addition of a ferric salt to ammonium succinate, is 
used in analysis for the separation of the ferric and aluminic 
radicals. The calcium salt is aolu])le in water. 

The derivatives of succinic acid correspond closely with 
those of oxalic, e.g. succinamic acid, NH2*CO CH2*Cn2’ 
CO'OH, is analogous to oxamic acid, and succinamide, 
NH2-CO-CH2-CH2-CO-Nn2, m.-pt. 243° to oxamide. There 
also exists, as in the case of other dibasic acids, an imide. 


CO 

succinimide, C2H4<' /Nil, m.-pt. 124°. The latter crystallizes 


in rhombic plates, and is formed by heating ammonium hydrogen 
succinate. The basic properties of the Nil are so modified by 
the two carbonyl groups of the acid radical that the imido- 
hydrogen is replaceable by metals, such as K, Ag, &c. Succinyl 
chloride reacts as though it were dichloro-bat3nro-lactone, 




-CCk 

co-^ 


0 . 


It is a colourless liquid boiling at 190°, and 


is obtained by the action of phosphorus pentachloride (2 mols.) 
on the acid, or of 1 mol. on the anhydride. In many of its 
properties it resembles the acid chlorides, but on reduction 
yields butKO-lactone; with benzene and aluminium chloride 


it yields mainly y-diphenyl-butsrro-laoione, 02114^ 


XPh- 


'\co ’ 
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and with zinc-cthyl, y-diethyl-butyro-la«tone. With NHg 
it yields but little amide, but with aniline gives the normal 
anilide (cf. Auger, Annales, 1891 (vi), 22, 326; Morell, J. C. S., 


CO 

1914, 1733). Succinic anhydride, C 2 H 4 <^ /O, is best 


obtained by the action of a.cetic anhydride on the acid. It 
crystallizes in glistening plates, melts at 120°, and distils 
without decomposition. It slowly combines with water, yield- 
ing the acid; more readily with alkalis, and also with alcohols 
at a higher temperature, yielding the acid esters, e.g. 
HO-CO-CHg-CHg'CO’OEt. This is the most convenient method 
for the preparation of acid esters. The other methods some- 
times employed are : (a) the partial hydrolysis of the neutral 
ester, and {b) the partial esterification of the acid by means 
of very dilute solution of hydrogen chloride in the re- 
quisite alcohol {Bone, Sudborough, and Sprankling, J. C. S., 
1901, 534). 

Sodium reacts with ethyl succinate, yielding ethyl succinylo- 
succinate, a compound related to benzene (Chap. XVH, F.). 

The 5-dimethyl- and 5-dibromo-succiaic acids, COgH- 
CHBr-CHBr-COgH, occur in the same number of stereo- 
isomeric modifications as the tartaric acids (p. 285). 

Glutaric acid. Pentane diacid, C02n*Cll2*CH2*CH2’C02H, 
may be obtained from glutamic acid (p. 284), and also 
by condensing formaldehyde with ethyl malonate in the pre- 
sence of a small amount of diethylamine : 


CH,:0 + 2H 0H(CO2Et), « HjO -h (CO^Etj. CIl CHj, CH(COjEt)*. 


This is a further example of the readiness with which alde- 
hydes condense with compounds containing a methylene group 
adjacent to carbonyl or negative groups. The product, ethyl 
propane-tetracarboxylate, on hydrolysis yields ethyl alcohol, 
carbon dioxide, and glutaric acid. The last crystallizes in 
prisma, melts at 97°, is readily soluble in water, and yields 
an anhydride, an imide, &c. The imide can be obtained 
when piperidine is oxidized with hydrogen peroxide, and when 
distilled with zinc dust yields a small amount of pyridine. 

Isomeric with glutaric acid is methyl-succiuic or P5TO- 
tartario acid, COgH-CHMe-CHg-COgH, an acid closely 
resembling succinic acid, and obtained by dry distillation of 
tartaric acids. 
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The )9^-dialkylglut.aric acids have much higher dissociation 
constants (A\ x U)"* “ 2 to 3) than j8*muuoaIkyl acids 
(0-6 - 0-7), J. C. S., 1939, 446). 


B. Unsaturated Dibasic Acids 

The unsiiturated acids stand in the same relation to the 
saturated dibasic acids as acrylic acid does to propionic. As 
dibasic acids they yield derivatives analogous to those of oxalic 
acid, while as unsaturated compounds each molecule possesses, 
in addition, the property of combining with two atoms of 
hydrogen or halogen, or with one molecule of halogen 
hydride. 

Common Methods of Formation. — 1. By the elimination of 
water from the hydroxy-dibasic acids. Thus malic acid when 
distilled yields water and maleic anhydride, which volatilizes, 
and also fu marie acid, which remains behind: 

CO,H CH(OH) CHa CO^H - H,0 » COgH CH .* CH COall. 

The actual product obtained by the elimination of water 
from malic acid varies considerably with the conditions of 
the experiment. Thus, wdien malic acid is maintained at a 
temperature of for some time, the chief product is 

fumaric acid; when the malic acid is rapidly heated at a 
higher temperature, maleic anhydride is largely formed. 

Citric acid yields, in a similar way, COg, HgO, itaconic acid, 
CH 2 :C(C 02 H)*CH 2 -C 02 H, and citraconic anhydride (methyl- 
maleic anhydride). 

2. By the separation of halogen hydride from the mono- 
halide derivatives of succinic acid and its homologues, e.g. 
monobromo-succinic acid yields fumaric, thus: 

COgH CHBr CHg COgH - HBr - COgH CH : CH COgH. 

3. Fumaric acid has been prepared synthetically from 
acetylene di-iodide, just as succinic acid has been from ethy- 
lene di bromide. 

4. For syntheses from aromatic aldehydes cf. Chap. XXVI, 
A2. 

Ethyl malonate reacts with an aliphatic aldehyde yielding 
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an unsatiirated ester, but thifl can react with a second mole- 
cule of the malonic ester (Michael addition), yielding the ester 
a tetracarboxylic acid which on hydrolysis gives a j3-alkyl- 
glutaric acid: 


B-CH :0 + CIIa{C02Et), R-CH I C(C05,Et),. 
R-CH:C(CO,Et), -f CH,(CO,Et), 

,Et), .CHa-CO.H 

RCH< 

,Et), ^CH,CO,H. 

Constitvtion. — The acids of this series may be regarded as 
dicarboxylic acids of the olefines, e.g. fnmaric and maleic acids, 
C2H2(€02H)2, as those of ethylene. Their mode of formation 

1 corresponds exactly with the production of ethylene from 
alcohol, or with that of acrylic from ethylene lactic acid, while 

2 agrees with that of ethylene from ethyl iodide. 

Maleic add (cis-BuUme diacid)^ COgH-CH : CH-COgH, crys- 
tallizes in large prisms, possesses a grating, nauseous acid 
taste, and is very readily soluble in cold water. It distils 
unchanged, excepting for partial transformation into maleic 
anhydride. It is conveniently prepared by heating the acetyl 
derivative of malic acid (this Chap., C.), or from fumaric acid 
and POCI3. 

Fumaric acid (trayis- Butene diacid), C2H2(C02H)2, crystallizes 
in small prisms with a strong, purely acid taste, and is almost 
insoluble in cold water. It does not melt, but sublimes at about 
200® with formation of maleic anhydride. It occurs in Fuinaria 
qfficinaliSf various fungi, truffles, Iceland moss, &c., and is 
obtained from maleic acid either by prolonged heating of the 
latter at 130®, or by the action upon it of hydrobromic or 
other acids. 

Both acids are converted into the corresponding eaters when 
their silver salts arc heated with alkyl iodQde. Ethyl malcate 
is changed into ethyl fumarate when warmed with iodine, and 
the latter ester is formed by saturating an alcoholic solution 
of maleic acid with dry hydrogen chloride. 

Isomerism of Fumaric and Maleic Acids. — At one time the 
acids were thought to be polymeric or even structurally iso- 
meric, and Fittig suggested the formulae : 

C0,H CH:CH C0,H and 00,H CH, C COj,H; 

A 


/CH(CO 

RCH< 

m:;h(co 
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but isomerism of this type is impossible, since both acids 
when oxidized yield one or other of the tartaric acids COjH* 
CH(0H)*CH(0H)-C02H. Anschutz suggested the formulae 

C0,H CH:CH C0,H and Xq 

CH-C{OH)/ 

Such a formula as the latter is not at all probable, as in this 
case maleic acid, which is the stronger acid (K^ x 10^ 150, 

and for fumaric x 10^ = 10), would not possess a car- 
boxylic, but merely a hydroxy -lactone structure {W egscheider , 
B., 1903, 1543). This formula is also found to be quite unten- 
able when the products of bromination and of oxidation are 
considered. 

The fact that the two acids are stnicturally identical, and 
must both be represented as ethylene di carboxylic acids, is now 
generally recognized, and the conclusion is largely based on 
the following facts: (1) Both acids when reduced with sodium 
amalgam yield ordinary succinic acid. (2) Both acids combine 
with hydrogen bromide, jdelding the same bromo-succinic 
acid. (3) Both acids combine with water at moderate tem- 
peratures, yielding the same malic acid. In most of these 
additive reactions the maleic acid reacts somewhat nK>re 
readily than the fumaric, and is at the same time })artially 
transformed into fumaric. (4) When carefully oxidked, the 
two acids yield stereo-isomeric tartaric acids, maleic being 
transformed into meso-tartaric, and fumaric into racemic 
acid. (5) Similarly, on addition of bromine they yield stereo- 
isomeric dibromo-succinic acids. 

As the two acids are structurally identical, the isomerism 
can only be accounted for by a different spatial relationship 
of the atoms within the molecule. The stereo-isomerism of 
these unsaturated compounds is quite distinct from that of 
the saturated compounds, such as lactic and tartaric acids. 
In saturated compounds where two C atoms are united by 
a single bond, there must be free rotation around the axis 
represented by the bond, otherwise the number of isomerides 
Cabc*Cdef, or even Caab-Caab, would be much greater 
than what is actually found. When, however, the two carbon 
atoms become united by a so-called double bond, free rotation 
is completely prevented, and the centres of gravity of the two 
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C atoms and of the four substituents all lie in the same plane, 
viz, the plane of the paper. 


HOH 

HCH. 

No stereo-isomerism is possible with such a compound, nor 
yet with any comj)ound in which the 2 radicals attached to 
the one carbon atom are the same, e.g. CHgtCOl-COgH; but 
immediately each carbon atom has 2 different radicals attached 
to it, isomerism is theoretically possible, e.g. crotonic acid, 
CHg-CH : CH-COgH, and maleic acid, CO^H-CH : CH-CO^H, viz , ; 

CHg-OH CH3CH 

CO^HCH HCCOgH, 

CO2HCH , COjHCH 
COjHCH HC-CO^H; 

and similarly for oleic and elaidic acids, erucic and brassidic 
acids, cinnamic and allocinnamic acids and its derivatives, and 
also for numerous other compounds. 

As the centres of gravity of the carbon atoms and of their 
substituents all lie in one plane, the molecules are not dis- 
symmetric, and therefore possess no optical activity, and 
cannot be resolved into optically active components. 

A few exceptions to this generalization were at one time 
supposed to exist. Thus it was stated that an optically 
active solution of citraconic acid, C 02 H'CMe:CH*C 02 H, was 
obtained by the growth of certain fungi on the liquid. Le Bel 
(1894:) was able to show that by the addition of water to the 
unsaturated acid, methyl- malic acid is formed and is then 
attacked by the organism. Similarly, the slight activity at- 
tributed to cinnamene, chlorofumaric, and chloromaleic acids 
has been shown to be due to small amounts of impurities 
(Perkin, J, C. S., 1888, 695). Erlenmeyer still claims to have 
obtained optically active cinnamic acids (cf. Chap. XXVI, A 2). 

The two isomerides are not so closely related to one another 
as d- and i-valeric acids, or as d- and l-tartaric acids ; as a rule, 
they differ entirely as regards their ordinary physical pro- 
perties, e.g. crystalline form, solubility, melting-point, w’ater 
of crystallization, dissociation constant, &c., and in many cases 
considerable differences in chemical properties are met with, 
e.g. maleic acid yields an anhydride and fumaric acid does not. 
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As a rule, one of the isomerides is less stable than the other, 
and under suitable conditions, e.g. influence of (a) heat, 
(6) light, (c) chemical reagents, especially small amounts of 
halogens or halogen hydracids, the labile compound is trans- 
formed into tlie stable. With certain pairs of isomerides the 
transformation is mutual, so that whichever of the two we 
start wdth we obtain, under the conditions enumerated above, 
a mixture of the two in chemical equilibrium. 

As examples of the transforming action of heat we have the 
following; Fumaric -> maleic; allocinnamic cinnamic; 
angelic -> tiglic, and either chloro-fumaric, COgH-CCliCH* 
COgH, or chloro-maleic acid heated separately yields a mixture 
of the two. The effect of exposure to sunlight is often identical 
with the action of heat, but not alwavs so, e.g. ethyl benzyl- 

aminocrotonate, ^:CHC 02 Et, exists in two 

ClIaPhNIF 

stereo-isometric modifications melting at 79° and 2\°; the effect 
of heat is to transform the higher melting ester into the lower 
melting, and the effect of sunlight is the exact opposite. As 
examples of the influence of chemicals, we have the action 
of small amounts of nitrous acids in transforming oleic into 
elaidic and erucic into brassidic acids. Similarly, small amounts 
of bromine will transform dimethyl inaleate into dimethyl 
fumarate. 

Ultra-violet light, on the other hand, by the addition of 
energy, transforms the stable into the labile modification, e.g. 
cinnamic acid into allocinnamic acid, and often the most 
convenient method of preparing the labile form is to expose 
the stable compound to the action of the r.ays from a quartz 
mercury vapour lamp {Stoermer, B., 1909, 4805; 1911, 637; 
1912, 3099; 1914, 1786, 1795, 1863; A., 1915, 409 , 13). 

Skraup has shown that cither sulphur dioxide or hydrogen 
sulphide alone is unable to transform maleic into fumaric, but 
that a mixture of the two will bring about the transformation. 
The chemical re,action between the HjS and SOg may be re- 
garded as a type of detonator which starts the transformation 
in the maleic acid. All chemical reactions, however, cannot 
act in the same manner as catalysts. The salts of maleic acid, 
e.g. copper maleate, when decomposed by hydrogen sulphide 
yield fumaric acid or a mixture of fumaric and maleic acids, 
although, as stated above, the sulphide itself is incapable of 



CONFIGURATION OF MALEIC AND FUMARIC ACIDS 281 


transforming free maleic acid into fumaric. Sodium tLiosul- 
phate alone brings about the isomeric change, and potassium 
in dry ether isomerizes methyl maleate. A small amount of a 
primary or secondary amine, e.g. piperidine, brings about the 
change in a few seconds (J. C. S., 1930, 213). 

The exact method of transformation is not known. It may 
be (a) that the two radicals attached to the one carbon atom 
actually exchange positions directly; (b) the two carbon atoms 
may only be in a state of strain, and under the influence t)f 
light, heat, &c., a rotation through an angle of 180“ may occur; 
or (c) in changes brought about by chemical agents the agent 
employed may first form an additive compound and then be 
subsequently removed, but this view has been shown to be 
impossible in many cases by AnschiUz, Fittig^ and Michad. 
Terry and Eichelberger (J. A. C. S., 1925, 1067, 1402) suggest the 
change of the covalent double linking to a semipolar linking. 

The system of nomenclature adopted to distinguish between 
the two isomerides is to term the compound in which two 
similar substituents are on the same side of the molecule the 
cis compound, and the isoraeride in which the two similar 
radicals are on opposite sides of the molecule the trans: 

CO,HCH COallCH 

CO,HCH HCCOaH 

cif-Ethylcne-dicarhoxylic acid *raw-Ethylcne-dicarboxylic acid 


In cases where it has not been found possible to ascertain 
which of the two known compounds has the cis configuration 
and which the trayis, the ordinary name is given to the one 
and the prefix iso, or better, alio, to the other, e.g. crotonic and 
isocrotonic acids, cinnamic and allocinnamic acids. 

Determination of Configuration. — In the case of fumaric and 
maleic acids this has been accomplished with a considerable 
degree of certainty. The arguments used for the cis con- 
figuration of maleic and the trans configuration of fumaric are 
briefly: (a) Maleic acid when heated, or treated with dehy- 
drating agents, readily yields an anhydride (cf. Succinic 
CH*CO. 

anhydride), || j>0, which can combine with water to 

CRC(y 

re-form maleic acid. Fumaric acid yields no distinct anhydride 
of its own. (b) Maleic acid when oxidized yields meso-tarbaric 
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acid, whereas fumaric acid yields racemic acid (see p. 289): 


COJl 

H-C CO,H ^ H-j-OII 
Hcico.H h-|-OH 

CO,H. 

COjH 

H C COjH H-|-OH 

COjH C H ” COjh4-OH 


and 


COaH 

od-Lh 

OH-j-COgH 

H, 


The configurations of other pairs of olefine stereo-isomerides 
have not been determined with the same degree of certainty, 
and many of the methods described in text-books as being 
available for this purpose cannot be relied on, e.g. of two 
stereo-isomeric a- or j3-halogenated compounds, the one which 
has the halogen in the cis-position with respect to a hydrogen 
atom will lose halogen hydracid more readily under the in- 
fluence of alkali, e.g.: 

CHa-CBr CHjCBr 

H C COJH COgH C H. 


In many cases it is probable that exactly the reverse holds 
good. 

Similarly it was assumed that by the addition of hydrogen, 
chlorine, bromine, iodine, or their hydracids to an acetylene 
derivative, the addenda, e.g. two bromine atoms or one bromine 
and one hydrogen, assume the cis positions in the olefine 
compound formed. It has been conclusively proved that 
acetylene - dicarboxylic acid with halogen hydracids yields 
mono-halide derivatives of fumaric and not maleic acid (Michady 
J. pr., 1892, 46, 210; 1895, 62, 362). According to Garner 
(C. N., 1919, 119, 16), trans addition and trans elimination 
are the rule and not the exception, and can be accounted for 
by Bohr's theory of the arrangement of the atoms and elec- 
trons within the molecule. 

Acetylene-dioarboxylic acid, Butim diaddy COaH CiC-COgH, 
a tj^e of an acetylenic acid, is obtained by the elimination of 
two molecules of hydrogen bromide from one of dibromo- 
succinic acid. It is a dibasic acid, and also an unsaturated 
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cc)«Q|)ouiid, but does not yield metallic derivatives of the type 
of silver acetylene. It readily loses carbon dioxide, yielding 
propargylic acid, CII:C*C02H. Diacetylene-dicarboxyiic acid, 
COgHC'C-C-C-COaH, and tetracetylene-dicarboxylic acid, 
Decatetrme diacid, COgH-CiC-CiC-CiC-CiC-COgH, have been 
prepared by Baeyer (B., 1885, 678 and 2269). 


C. Hydroxy Dibasic Acids 

1. Tartronic acid. Propanol diacid, hydroxy-malonic acid, 
0 H-CH*(C 02 H) 2 , forms large prisms (d-lHgO), and is easily 
soluble in water, alcohol, and ether. It cannot be distilled 
unchanged, since it breaks up on heating into carbon dioxide 
and glycolidc. As hydroxy-malonic acid it may be prepared 
by the action of moist silver oxide on chloromalonic acid. It 
may also be obtained by the reduction of the corresponding 
ketonic acid, mesoxalic acid, C 0 (C 02 H) 2 , and also by the 
oxidation of glycerol with permanganate. 

2. Malic acid, Butanol diacid, hydroxy-succinic acid, C02H’ 
CH2*CH(0H)’C02H (Scheele, 1785), is very widely distributed 
in the vegetable kingdom, being found in unripe apples, sorb- 
apples, grapes, barberries, mountain-ash berries, quinces, <fec. 

Some of the simpler methods of formation are quite analogous 
to those employed in the case of hydroxy monobasic acids, e.g. 

(1) by the action of moist silver oxide on bromo-succinic acid; 

(2) by the reduction of tartaric or racemic acid with HI, and 
of oxal-acetic acid (p. 258 and this Chap., F.) with sodium- 
amalgam; (3) by the action of nitrous acid on the correspond- 
ing amino-acid, aspartic acid; and (4) it is manufactured by 
the addition of water to maleic acid by heating with steam 
under pressure. 

It crystallizes in hygroscopic needles, is readily soluble in 
water and alcohol, but only sparingly in ether. It melts at 
100®, and when it is distilled, maleic anhydride passes over 
and fumaric acid remains in the retort (p. 276). x 10® =* 40. 

The molecule of malic acid cotitains an asymmetric carbon 
atom, and thus the acid should exist in two optically active 
and a racemic modification. The acid obtained from natural 
sources, I-malic acid, is leevo-rotatory in dilute solution, but the 
rotation diminishes as the concentration increases. With a 
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34 per ceat solution at 20® no optical activity is sliown, and with 
more concentrated solutions dextro-rotation is exhibited. The 
acid obtained synthetically is optically inactive and constitutes 
the racemic form, and it has been resolved into optically active 
modification by the usual methods (p. 290) (B., 1898, 528). 

The alkali salts and the acid calcium salt of malic acid are 
readily soluble in water, while the normal calcium salt is only 
sparingly soluble. 

The constitution follows from its methods of preparation 
from the fact that it is readily reduced to succinic acid, and 
that its esters react with acetic anhydride, yielding mono* 
acetyl derivatives. 

Amides and Amines of Malic Acid.-— Like gly collie acid, 
malic acid forms — as an acid — amides (saponifiable), and — as 
an alcohol — an amine (not saponifiable). The amides are: 

Malamide, NH 2 COCH(OH)CH 2 *CO*NH 2 , crystallizing 
in prisms, and malamic acid, C02H*CH2*CH(0H)-C0*NH2, 
the latter being only known as ethyl ester. The amino-acid, 
Mpartic acid, C02H*CH(NH2)‘CH2C02U, unites in itself, 
like glycocoll, the j)ropertie8 of a base and of an acid, but 
the acid character predominates. Its acid amide, asparagine, 
COaH*CH(NH 2 )-CH 2 *CO‘NH 2 , which is isomeric with mal- 
amide, is very widely distributed in the vegetable kingdom, 
being present in the young leaves of trees, in beet-root, po- 
tatoes, the shoots of peas, beans, and vetches, and in asparagus; 
it was first found in the last-named vegetable in the year 
1805. It forms glistening rhombic prisms ( + H 2 O), is readily 
soluble in hot water, but insoluble in alcohol and ether, and 
yields aspartic acid when hydrolysed. It is laevo-rotatory. 

A dextro-rotatory asparagine has likewise been obtained 
from the shoots of vetches; it possesses a sweet taste, and 
unites with the Isevo-rotatory compound to an inactive modi- 
fication. 

Aspartic acid, amino^succinic acid, is present in beet molasses, 
and forms an important product of the decomposition of pro- 
teins with acids or alkalis. It has been synthesized, e.g. from 
bromo-succinic acid and ammonia, and crystallizes in small 
rhombic plates readily soluble in hot water. It exists in opti- 
cally active modifications, which differ in taste and are con- 
vertible the one into the other. Nitrous acid transforms both 
aspartic acid and asparagine into malic acid. 

Qlutamio add, a-amino-glutoric acid^ C02H*CH(NH2)*CH2* 
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CHj-COgH, and glutamine correspond with aspartic acid and 
asparagine. The former is found in beet-root and in the shoots 
of the vetch and gourd, while the latter is produced, together 
with aspartic acid and leucine, by boiling proteins with dilute 
sulphuric acid. 


D. Dihydroxy Dibasic Acids 

These acids are characterized by the presence of two hy- 
droxyl radicals in the molecule in addition to two carboxyls. 

Tartaric acid, Butane-diol diacid, diJa/droxy -succinic acid, 
C 02 H*CH( 0 H)’CH( 0 H)*(C 02 H), exists in four distinct modi- 
fications. 

1. d- or Dextro-tartaric acid, m.-pt. 170®. 

2. Z- or Lsevo-tartaric acid, anii-iartaric add, m.-pt. 170®. 

3. Racemic acid, d-l-tariaric add, para-tartaric acid, m.-pt. 
206®. 

4. i- or Inactive tartaric acid, meso-tartaric acid, m.-pt. 143®. 

The constitution of these acids follows from their relation- 
ship to succinic acid, from their methods of formation, and 
from the fact that their esters with acetic anhydride yield 
diacetyl derivatives. 

Solutions of equal concentration of the two first of these 
acids turn the plane of polarization of light in an equal degree, 
but in opposite directions. By their union the inactive racemic 
acid is formed, and this can, conversely, be separated into its 
components. The fourth tartaric acid, also inactive, cannot 
be resolved in this way. 

The common tartaric acid found in nature is optically 
active, and is the cZ-tartaric acid, whereas the acids obtained 
synthetically are optically inactive, viz. racemic acid or meso- 
tartaric acid, or a mixture of both, e.g. dibromo-succinic acid 
with moist silver oxide yields a mixture of racemic and meso- 
tartaric acids. 

Fumaric acid when oxidized with permanganate is converted 
into racemic acid, and maleic acid by a similar process into 
meso-tartario acid (p. 282). Glyoxal cyanhydrin (p. 253) when 
hydrolysed yields racemic acid, and finally, mannitol when 
oxidized with nitric acid yields racemic acid, and sorbitol 
meso-tartaric acid. 
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Synthesis : 

CB , : CHj -> CH,Br CH,B' -> CN CHj CH^ CN 
Bfj, KCN 

C02H CH, Cira*C0,H COJI CHBr CHBr-CO.H 
Hydrolysis Br, 

COjH«CH(OH) CH{OH) CO,H. 

AgOH 

Stereo-isomerism of the Tartaric Acids. — The isomerism of the 
tartaric acids is of much the same tyj)e as that discussed in the 
case of active valeric and of a-lactic acid. A glance at the con- 
stitutional formuhn for the acids shows the presence of 2 asym- 
metric carbon atoms ; to each of these 2 atoms are attached the 
radicals H, OH, and COgH, and the remaining valency of each 
carbon is employed in attaching it to the other carbon atom. 

A compound of this general type, C(a, b, c)*C(a, b, c), is 
known as a compound containing 2 similar asymmetric carbon 
atoms. If one valency of each carbon is employed in uniting 
the 2 carbon atoms together, then the 3 radicals, a, b, c, which 
are attached to the remaining three valencies of a carbon atom, 


may be arranged in two distinct ways, viz. 
and negative order. 



positive order, 


The following combinations are thus possible: 


t - “ 

+ - - 4 - 

or 1 2 3 4 


But Nos. 3 and 4 must be identical, as the radicals attached 
to the 2 asymmetric carbon atoms are identical. 

These spatial relationships may be represented: 
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Nole.-^At first sight it appears as though the radicak a, b, c 
in the lower half of fig. 1 were arranged in the - and not the 
4- order, as indicated. It must be remembered, however, that 
each part of the molecule must be looked at from the same 
point of view ; and if we take the order of the radicals in the 
upper tetrahedron when arranged so that the solid angle 
which represents the point of attachment to the second tetra- 
hedron is pointed down, then we must regard the second 
tetrahedron from the same point of view, i.e. we must turn 
the figure upside dowm. It is then seen that the arrangement 
in the lower half of the molecule is the -I- . 

For simplicity the above figures are usually depicted by their 
projections on a plane surface {E. Fischer ^ B., 1891, 2684): 

c 

I 

b C a 

I 

b — C — a 


c c 



I i 

b * (] a a — C — b 


c 

c 

l)-La 

. 1 . 

c 


0 

c 

b-L-a 

1 

b-:-a 

c; 


Note . — The manner in which these projection formulae are 
obtained can be best seen by means of models. 

A comparison of the three configurations at once show^s 
that Nos. I and II are enantiomorphous, and are related to 
one another as object to mirror image; they should therefore 
represent the two optically active tartaric acids, and the 
compoxmd of the two should represent the molecule of racemic 
acid. No. Ill has a plane ol o^mimetry, and should therefore 
represent the non-resolvable, inactive acid — meso-tartaric acid. 

The question as to whether No. I represents d- or Z-tartaric 
acid has been settled by Fischer (B., 1896, 1377) in favour 
of the d-acid. We thus have: 


CO,H 

CO*H 

COjH 

h-Loh 

ohJ-h 

oh-Lh 

OH-j-H 

HyOH 

OH-j-H 

CO,M 

CO^H 

CO,H 

d 

/ 

mesm 
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1. l>6Ktro«tartario acid, acidum tartaricum, is th« tartaric 
acid found in nature. It was discovered by Schcele in 1769. 
It occurs in the free state; but chiefly as acid potassium salt, 
in various fruits, especially in the juice of grapes, from which 
potassium hydrogen tartrate (argol or crude cremor tartari) 
separates in crystals during fermentation. When this is boiled 
with chalk and chloride of calcium it is transformed into the 
neutral calcium salt, from which the acid is liberated on addition 
of H2SO4. 

It crystallizes from water in large transparent monoclinic 
prisms, of a strong taste, is readily soluble in water, also in 
alcohol, but almost insoluble in ether. It melts at 170°, and 
its aqueous solution reduces a warm ammoniacal silver solution. 
When melted, it changes into an amorphous modification, and 
then into an anhydride, and when heated more strongly it 
chars, producing a characteristic odour and yielding pyro- 
racemic and pyro-tartaric acids. Oxidation converts it either 
into dihydroxy-tartaric (this Chap., F.) or tartronic acid, and 
then into carbonic acid. It is employed in medicine and 
dyeing, and for making effervescent drinks. 

The abnormal rotations observed in solutions of the acid 
with concentration and change of wave-length of light may be 
due to the play of co-ordinate links, e.g. : 


HOC 0 

A/-). 

H In O 

^c-oir 


and 


(HO)C 

O^CH 

I y"- 

HO^ 


^ - OH 
^C(OH) 


> 


Normal potassium tartrate, C4H4O6K2 *i ^1120, forms mono- 
clinic prisms easily soluble in water. Acid potassium tartrate, 
tartar, or cremor tartari, C4H5O4K, small rhombic crystals of 
acid taste, sparingly soluble in water, is much used in dyeing, 
medicine, &c. Potassium sodium tartrate, EoeheUe or seig- 
nette salt, C 4 H 404 KNa + 4H2O (1672), forms magnificent 
rhombic prisms. Calcium tartrate, C4H40eCa -f 4H2O, is a 
powder insoluble in water, but soluble in cold caustic-soda 
solution; on warming the solution it separates as a jelly, 
which redissolves upon cooling. Potassium antimonyl-tartrate, 
tartar emetic, C 4 H 404 ( 8 b 0 )'K 4* is obtained by heating 

cremor tartari with antimony oxide and water. It crystallizes 
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in rhombic efiBorescent octahedra, readily soluble in water. 
It is poisonous and acts as an emetic, and is used as a mordant 
in dyeing. 

Fehling's solution is a solution of cupric sulphate mixed with 
alkali and Rochelle salt, and is largely used as an oxidizing 
agent. Thus with various carbon compounds, such as formal- 
dehyde, glucose, fructose, &c., it readily yields a precipitate of 
cuprous oxide. The copper is present attached to the O atoms 

of the two OH groups and present as the ion COg'CH-CH-COa 

i-cJ-o. 

The diethyl ester is a thick oil, while the monoethyl ester 
crystallizes in prisms. Aceto-tartaric acid and amides of 
tartaric acid are known, and also various anhydrides. As an 
alcohol, it forms with nitric acid a dinitric ester, the so-called 
nitro-tartaric acid, C2H2(0*N02)2(C02H)2, which is readily 
hydrolysed, yielding dihydroxy-l^rtaric or tartronic acid. 

2. Lmvo-tartaric acid is identical in its chemical and also 
in almost all its physical properties with ordinary tartaric acid, 
but differs from it in that its solutions turn the plane of polari- 
zation of light to the left, in a degree equal to that in which 
the other turns it to the right. The crystallized salts show 
hemihedral faces like the salts of dextro- tartaric acid, but 
oppositely situated (see p. 290). When equal quantities of 
both acids are mixed together in aqueous solution, the solu- 
tion becomes warm, yielding: 

3. Racemic acid, (C4Hg()5)2, 2H2O, the composition of 
which w’as first established by Berzelius, who recognized it as 
being different from tartaric acid, and who developed the idea 
of isomerism from this first example in 1829. Racemic acid is 
obtained from tartar mother liquor. It differs from dextro- 
tartaric acid in that its crystals are rhombic and efflorescent, 
and also less soluble in water than the former ; further, the free 
acid is capable of precipitating a solution of calcium chloride 
and is optically inactive (see below). The salts, which are 
termed racemates, and also the esters, show small differences 
from the tartrates in the proportions of their water of crystal- 
lization, in solubility, and melting-point or boiling-point. 
Molecular- weight determinations of dilute aqueous solutions 
of racemic acid indicate that under these conditions it is 
completely resolved into i- and i-tartaric acids. 


(»4ao) 


It 
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4. Meso-tartaric acid, a foiatii tartaric acid, is inactive like 
the foregoing, but non- resolvable into tlic active acids. When 
heated with water at 170*^ it is partially transformed into 
racemic acid, which can then be resolved. It differs from 
racemic acid and also from the active acids in all its physical 
properties. It crystallizes in efflorescent rectangular plates, 
m.-pt. 143^’. The acid-potassium salt is readily solui)Ie in water. 
For historical sketch of tartrates cf. Lowry, Optical rotatory 
power, 1935. 

Racemic Compounds. Resolution of Racemic Compounds into 
their Optically Active Components . — Eacemic acid has b(H*u 
resolved by three distinct methods, all due to Pasteur] and 
similar methods can be used for the resolution of other racemic 
compounds (cf. also Chap. L, A). 

1. When a solution of sodium-ammonium racemate, ‘ 

Na(NH4)C4H406, 2H^O, 

is evaporated, beautiful rhombic crystals having the compo- 
sition NaNH 4 C 4 H 40 ^, 4 H 2 O and showing hernihedral faces * 
are obtained. Pasteur observed that these faces were not 
always similarly situated, but that certain crystals were 
dextro-hemihedral, while others were laivo-hemihedral, so 
that one crystal formed the reflected image of the other. 
The iajvo-heniihedral crystals when dissolved exhibit dextro- 
rotation and vice versa. If now the two kinds of crystals be 

^Hernihedral Faces. — 7'hese are small faces nhich are not perfectly 
symmetrically situated with respect to the other cr\\stallirie faces; they 
occur in only half the positions where they might be expected, and thus 
give the crystals a non-symmetric structure. 

The following figs, represent crystals of the cf- and /-sodium ammonium 
tartrates : 



7'he faces a and h are the hernihedral faces, and it will be noticed that 
the two crystals arc non-superposable, but stand in the relationship of 
object to mtrror-image. 
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separated mechanically, and the free acid liberated from each, 
this will be found to consist, not of racemic acid, but in the 
one case of d- and in the other of i-tartaric acid. 

In the process of crystallization it is essential that the tem- 
perature should be below 27®, as otherwise in place of the 
enantiomorj)hously related crystals of sodium-ammonium d- 
and Z-tartrates, it is found that the crystals are all alike, possess 
no hemJhedral faces, and consist of sodium-ammonium race- 
mate. This temperature is termed the transition point, and 
for each racemic compound there is a definite transition tem- 
[>erature. Thus for sodium-potassium racemate it is 3®, for 
rubidium racemate 40*4:®, for ammonium-liydrogen rnalate 74®. 

The transition temperature may be determined by means of 
a dilatometer. Tliis is a large thermometer, the bulb of which 
is filled with an equimolecular mixture of the two active salts 
covered with oil, the level of which can be read ofT on the 
stem. As the temperature of the dilatometer is raised gradually, 
a considerable increase in volume is noticed at 27®, due to 
the change: 

NaNH4C4H40e, 4H,0 + NaNH4C4H406, 4H,0 

(NaNH4C4H4()4)j, 21120 -i 6H,0. 

Other racemic compounds have })een resolved by this simple 
method of crystallization. In all cases the temperature em- 
ployed must be below the transition temperature of the given 
substance, i.e. below the temperature at which the mixture 
of active components becomes transformed into the racemic 
compound. In this method of resolution no differences in 
solubility of the two components are met with, and hence no 
process of fractional crystallization c^n be employed ; the two 
salts are deposited side by side, and must be picked out indi- 
vidually. The resolution of zinc ammonium lactate has already 
been mentioned (p. 247); further examples are sodium- 
potassium racemate, asparagin, and camphoric acid. 

If crystallization occurs in the presence of an optically active 
solvent, e.g, solution of Z-malic acid, then a partial separation of 
antipodes may occur; cf. McKenzie and Walker (J. C. S., 1922, 
349). 

2. A very common method of resolving racemic acids is by 
combination with an optically active base, e.g, an alkaloid. In 
the case of racemic acid itself, Pasimr used Z-cinchonine. The 
two salts formed are (a) d-acid + I-base, (6) Z-acid + Z-base. 
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As these two salts are not enantiomorphously related, i.e. 
their molecules do not stand in the relationship of object to 
mirror-image, they possess different solubilities, and may be 
separated by fractional crystallization. 

The following is a list of some simple racemic compounds 
which have been resolved by this method; the salt named is 
the less soluble of the two, and crystallizes first. 

Acids. — Quinine: d-tartrate. Strychnine: Mactate, d~ 
methyl-succinate, d-methoxy-succinate, d-phenyidibrorno- 
propionate. Cinchonine: Z-'^rtrate, d-malate, d-mandelate. 
Brucine: d-tartrate, Z-valerate, Z-aspartate. 

Racemic bases may be resolved by a similar process, viz, 
by combination with an optically active acid, e.g. d-tartaric, or 
even better, d-bromocamphor-sulphonic acid, and separating 
the two salts thus obtained by fractional crystallization. Thus 
ethyl-piperidine and coniine have been resolved by Laderiburg 
by using d-tartaric acid (A., 1888, 247, 85; cf. also Pope 
and Hanley on resolution of tetrahydro-^-naphthylamine, 
J. C. S., 1901, 74; also Pope and Peachey, ibid. 1899, 1066 
and 1105). 

3. The third method consists in subjecting a solution of an 
ammonium salt of the acid to the action of some of the lower 
plant organisms, e.g. moulds, bacteria, yeasts, &c. Different 
organisms are required in different cases. Pastmr found that 
ordinary green mould — Penidllium glaucum — when grown in a 
solution of ammonium racemate, destroys the salt of the d-acid 
and leaves a solution of the salt of the Z-acid. If, however, the 
decomposition is allowed to proceed, the Z-salt is also destroyed; 
the reaction is a preferential decomposition, and, if stopped at 
a suitable time, practically all d-salt will have disappeared. It 
is obvious that in this method one of the active components is 
lost; but by using two distinct organisms in separate solutions 
it is sometimes possible to obtain both d- and Z-compounds, 
Thus Penidllium glaucum grown in a solution of a salt of d-Z- 
mandelic acid leaves the d-salt, and Saccharomyces ellipsoidem 
leaves the Z-salt. 

Among other Resolutions which have been effected by this 
method may be mentioned the destruction of Z-lactic, Z-mandelic, 
d-glyceric, Z-ethoxy-succinic acids, and of d-methylpropyl-car- 
binol by Penidllium glaucum, and the destruction of d-mandelic, 
Z-phenyldibromo-propionic acids and of d-glucose, d^fmetose, 
and d-mannos© by yeast (different species). 
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4. Markwald and M'Keiizw (B., 1901, 469) have used the 
method of esterifying the racemic acid with an optically active 
alcohol. They used r-mandelic acid and f-menthol, and found 
that the d-component of the racemic acid was esterified some- 
what more rapidly than the I (cf. also Mackenzie, J. C. S., 
1904, 378). 

Wren and Wright (J. C. 8., 1921, 798) find that the mixture 
of esters derived from dZ-a-hydroxy* ^-phenylpropionic acid 
and Z-menthol when crystallized from light petroleum yields 
the Z-menthyl ester of the d-acid in well-defined crystals, and 
on hydrtjiysis this gives the d-acid. 

5. Ostromisslensky (B., 1908, 3035) has shown that a mix- 
ture of d- and Z-isonierides can be easily separated if a super- 
saturated solution of the mixture is impregnated with a crystal 
of a suitable active material, thus a crystal of Z-asparagine 
(p. 281) immediately produces the deposition of d-sodium am- 
monium tartrate from a supersaturated solution containing the 
d- and Z-salts. It is not necessary that the impregnating sub- 
stance should be optically active ; it must, however, be isomor- 
phous or isodimorphous. Thus a crystal of glycine can cause 
the deposition of Z-osparagine from a supersaturatexi solution of 
d Z-asparagine. This method of resolution cannot be used when 
the supersaturated solution contains a definite racemic com- 
pound of the d-l-isomcrides, and can thus be used as a method 
for determining whether the given substance exists in solution 
as a d-Z conglomerate or as a true racemic compound. 

M'Kenzie and Walker (J. C. S., 1922, 349) find that certain 
racemates crystallized from aqueous solutions of Z-malic acid 
yield a mixture of the racemate and d-tartrate. 

Racemizatkm. — When d-tartaric acid is heated with a small 
amount of water at 175° racemic acid and a little meso acid are 
formed. This conversion of a d- or Z-corapound into its racemic 
isomeride is termed racemizaiiony and is due to the trans- 
formation of 50 per cent of the original active acid into its 
optical isomer. Other examples of racemization are (a) the heat- 
ing of d-valeric acid with concentrated sulphuric acid, (6) of 
amyl alcohol with sodium hydroxide, (c) Valeric acid boiled 
for eighty hours is partially racemized, as is indicated by a 
slight diminution in its rotatory power. Racemization often 
occurs during a chemical reaction; thus Z-mandelic acid, 
Cen 5 *CH(OH)*CO^, and hydrobromic acid at 50° yield not 
Z-phenylbromo^aoetic but r-phenylbromo-acetic acid. (Cf. 
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also Easterjield. J. C. S., 1891, 72; Pope, ibid. 1901, 8) ; Jamei? 
and Jones, ibid, 1912, 1158. 

Occasionally the racemization occurs at the ordinary tem- 
perature, and is then termed autoracernization ; thus d-phenyl- 
bromo -acetic acid when kept in benzene solution for some 
three years becomes quite inactive, and ethyl d-bromo-suc- 
cinate in the course of four years diminishes in rotatory power 
from +40-96° to +9° (Walden, B., 1898, 1416). 

Criteria for Determining the Nature of the Baoernic Compound. 
- — The racemic substance may be one of the following: (a) A 
definite compound of 1 molecule of the d-component with 1 of 
the 1. (b) An ordinary mixture of the two in molecular pro- 
portions. (c) Mixed crystals, i.e. a solid solution of the two 
isomorphous antipodes without chemical combination. The 
first are termed racemic compounds proper, the second inactive 
conglomerates, and the third pseudoracemic compounds (Kip- 
ping and Pope, J. C. S., 1897, 989). 

A true racemic compound cannot be recognized by mole- 
cular-weight determinations, as in the gaseous form or in 
solution it is usually resolved into its components. In certain 
cases the recognition of the substance as a racemic compound 
is simple, e.g. sodium-ammonium racemate, which crys+allizes 
in a different crystallographic system, and contains a different 
amount of water of crystallization from the active isomers, 
and possesses a definite transition point. 

When such simple criteria are of no use, Ba^khuis Roozehoom 
(Zeit. Phys., 1899, 28, 494) recommends a study of the melting- 
point curves. These are obtained by taking the melting- 
points of mixtures of the compounds in different proportions, 
and then plotting the melting-points against the composition. 
The following types of curves are met with : 

Conglomerates, fig. 1. Racemic compounds, figs. 2 and 3. 
Mixed crystals, figs. 4, 5, and 6. 
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A represents the melting-point of the pure cf-compound, B that 
of the pure Z, and C that of the racemic compound or mixture. 
These curves should be studied by aid of the Phase rule. 


E. Polyhydroxy Dibasic Acids 

Trihydroxy - glutaric acid, COJI • CII(OII) • CII(OH) • 
('H(OH) • (X)2n, and the sterco-isoincric acids — saccharic, 
mucic, and isosaccharic acid — C 02 H-CH( 0 H)*CH( 0 H)* 
CH( 0 H)*CH( 0 H)-C 02 H, are the best-known examples. 

Many of these acids form lactones (p. 249), the lactonic 
acids, and some of them also double lactones. 

Trihydroxy-glutaric acid, C02H (CII 0H)3 C02H, is a fre- 
quent oxidation-product of sugar varieties, e.g. of xylose and 
arabinose. According to theory, four stereo-isomers should 
exist, and four are actually known; they may be represented 
by the following projection formula’, where X = COgH: 


X 

X 

X 

X 

oil 1 11 

H 1 OH 

H 1 OH 

H-! OH 

H OH 

HO II 

H OH 

HO H 

H ()H 

HO U 

H 1 OH 

H-OH 

1 

X 

i 

k 

k 

1 

2 

3 
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Nos. 1 and 2 are enantiomorphously related and optically 
active, and can form a racemic compound. Compounds 3 and 
4 are inactive substances of the type of mesotartaric acid. 
Saccharic acid, C02H*(CH‘0H)4-C02H, is produced by the 
oxidation of cane-sugar glucose, gulose, gulonic acid, mannitol, 
or starch by nitric acid, and exists in the d-, and r-forms (see 
Glucoses); d-saccharic acid when reduced yields the aldehydo 
trihydroxy acid, glycuronic acid (see p. 255). 
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The stereo-isomeric Mucic acid is formed by oxidizing dul- 
citol, the gums, mucilages, and milk-sugar. It is a sparingly 
soluble, colourless, crystalline powder. The molecule being 
symmetrical in structure, it is optically inactive. It is easily 
converted into derivatives of furane (Chap. XL). 

Isosaccharic acid is obtained by the oxidation of glucos- 
amine, C0 HijO 5(NH2). 

Theoretically, ten stereo-isomeric acids of the formula 
C02H-[CH*0H]4-C02H are possible, most of which (e.g. d- 
and i^manno-saccharic acids, talomucic acid, &c.) have been 
prepared by E, FiscJier, For their relations to the hexoses see 
the table appended to these (Chap. XIV, A.). 


F. Dibasic Ketonic Acids 

Dibasic ketonic acids unite in themselves the properties of a 
ketone and of a dibasic acid. The following are known: 

1. Mesoxalic acid, C0(C02H)2 or C(0H)2(C02H)2 (see p. 
230), is prepared from dibromo-malonic acid, CBr2(C02H)2, 
and baryta water or oxide of silver: 

CBr,(CO,H), + fl,0 - CO(CO,H), + 2HBr; 

also by boiling alloxan (Chap. XIII, C.) with baryta water. 
It crystallizes in deliquescent prisms ( + H2O). 

As a ketone it combines with NaHS03, reacts with hydroxy- 
lamine, and is reduced by nascent hydrogen to tartronic acid: 

COgH CO COjH + 2H - C0*H‘CH(0H) C08H. 

Since the acid and its salts still retain a molecule of water 
at temperatures above 100®, this may be united in much the 
same manner as the water in chloral hydrate, corresponding 
with the formula C(0H)2(C02H)2, “ dihydroxy-malonic acid 
In fact, two modifications of the ethyl ester are known, viz. 
C(0H)2(C02C2H5)2 and C0(C02C2H5)2. 

2. Oxal-acetic acid, Butanone diacid, COaH CHa'CO’COaH, 
is an acid corresponding in many respects with aceto-acetic acid. 
Its ethyl ester is prepared by the action of sodium ethoxide 
upon a mixture of ethyl oxalate and acetate (p. 258), and 
also by the action of concentrated sulphuric acid upon ethyl 
acetylene-dicarboxylate. It is a colourless oil, but the aloo- 
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holic solution gives an intense dark-red coloration with ferric 
chloride. It is of importance as a synthetical reagent, as the 
hydrogen atoms of the methylene group can be replaced by 
sodium, and hence by various alkyl and acyl radicals. 

3. Acetone-dicarboxylic acid, Pentxinone diacid, CO(CIl2- 
C02H)2, obtained by treating citric acid with concentrated 
H2SO4, readily decomposes into acetone and 2CO2. 

4. Dihydroxy-tartaric acid^ CO2H CO CO CO2H, or prob- 
ably C02H-C(0H)2*C(0H)2'C02lI, is formed from pyro- 
catechol and nitrous acid, and by the gradual decomposition 
of nitro-tartaric acid. It melts at 98°. The characteristic 
sparingly soluble sodium salt decomposes readily into carbon 
dioxide and sodium tartronate. 

5. Diaceto-succinic acid, COgH 2 (> 3 ), 

CHa-COCH-COaH 

The ester of this is closely related to acetonyl-acetone, the 
latter being readily o})tainable from the former by the action 
of caustic-soda solution (“ Ketonic decomposition”; cf. B., 
19(X), 1219). 

6. Diacetogltttaric acid, COgH CHAc CHa CIIAc'CO*^!!. 
The ester of this acid is formed by condensing ethyl aceto- 
acetate with formaldehyde in the presence of diethylamine, 
and is readily converted into derivatives of tetrahydrobenzene 
or pyridine (Knoewnagel, A., 281, 94; cf, also B., 1899, 1388). 

Most of these ketonic acids exhibit keto-enolic tautomerism, 
thus 5 isomerides of di acetyl -succinic acid are known (Knorr, 
A., 1899, 306, 332; cf. Chap. LIIl, A.). 


XI. POLYBASIC ACIDS 

The polybasic acids contain three or more carboxylic groups 
in the molecule. The tribasic acids, like phosphoric acid, can 
give rise to three series of salts — normal, monoacid, and di- 
acid. Both saturated and unsaturated acids are known, and 
also substituted derivatives. 

( B 480 ) 1 1 • 
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A. Saturated and Unsaturated Polybasic Acids 

A simple tribasic acid is tricarballylic acid, sy^mnetrical prO' 
pane tricarboxylic acid, C02H-CH2-Cn(C02lI)-CH2 C02lI. 
It occurs in unripe beet, and is prepared (a) by the addition 
of hydrogen to aconitic acid, (b) by heating citric acid with 
hydriodic acid, and (c) synthetically from glycerol by trans- 
forming it into the tribromhydrin, CgH^Erg, treating this with 
KCN, and hydrolysing the cyanide formed, C3H5(CN)3. Its 
structure as C 02 H-CH 2 *CH(C 02 H)-CH 2 -C 02 H follows from its 
formation from glycerol. 

This acid is of importance in detoniiining the constitution 
of citric acid, from which, as already seen, it can be obtained 
by reduction with HI. It crystallizes in rhombic prisms, is 
readily soluble in water, and melts at 166^^. 

An unsaturated tribasic acid closely related to tricar})al]ylic 
acid is aconitic acid, 002H*CH:C(C02H) CH2 C02H, which 
contains two atoms of hydrogen less than tricarballylic acid. 
It is found in nature, in Aconitum Napellus, shave-grass, sugar- 
cane, beet-root, &c., and is prepared by heating citric acid, 
CgHgO;, when the elements of water are eliminated. It is a 
strong acid, crystallizable, readily soluble in water, melts at 
191°, and is reduced by nascent hydrogen to tricarballylic 
acid, hence its constitution. 

B, Hydroxy Polybasic Acids 

Citric acid, acidum citricum, hydroxy -tricarballylic add, CO JI* 
CH2-C(0H)(C02H)*CH2*C02H [Scheele, 1784; ' recognized \s 
tribasic by Liebig in 1838), occurs in the free state in lemons, 
oranges, and red bilberries, and mixed with malic acid in 
gooseberries, &c., also as calcium salt in woad, potatoes, beet- 
root, &c. It can be manufactured from the juice of lemons 
by precipitating as its calcium salt, but the more common 
method is by the action of mould fungi, especially Citromyces 
citrinus on glucose solutions kept at a Ph = 3*5 by the addi- 
tion of CaCOg and a temperature of 20°-30° for 9-10 days. It 
crystallizes in large rhombic prisms (d-HgO), is readily soluble 
in water, moderately in alcohol, but only sparingly in ether. 
It loses its water of crystallization at 130°, melts at 153°, and 
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breaks up at a higher temperature first into aconitic acid and 
water, and then into carbon dioxide, itaconic acid, citraconic 
anhydride, and acetone. Oxidizing agents effect a very 
thorough decomposition. 

Mono-, di-, and tri-alkali salts are all solul>le, whereas the 
calcium salt is insoluble. Among the derivatives may be 
mentioned mono-, di-, and triethyl citrates and triethyl 
aceto-citrate, 

CO.EtCH,C(OCO'CH3)(COjEt)CH2COjEt. 

The formation of this last is a direct proof of the alcoholic 
character of citric aid. The amides of citric acid are con- 
verted by concentrated HgSO^ into citrazinic acid, c*n5NO„ 
a pyridine derivative. 

The constitution of citric acid is arrived at (a) from its con- 
version into aconitic acid by the elimination of water, (6) from 
its reduction to tricarba Hylic acid, and (c) from its synthesis 
from 1 : 3 dichloroacetone, e.g. : 

CH^Cl CO ClljCl 4- HCN->CH,C1C(0H)(CN) CH,CI 
-> CN-CHa'C(OH)(CN)-CHj‘CN 
-►CO,HCH,C(OH)(CO,H)'CH*'COiH. 

The acid has been synthesized by Lawrence (J. C. S., 1897, 
457) by an application of Reformatsky's reaction, i.e. the 
condensation of a halogen derivative with a ketone in the 
presence of zinc (cf. p. 142), viz. ethyl bromacetate, ethyl 
oxalacetate, and pure zinc turnings: 

COgEt CHjBr + CO COaEt + Zn - CO,Et CH, C(OZnBr) COjEt 
CHa'COjEt CHjCOjEt 

This condensation product reacts with water, yielding ethyl 
citrate, C 02 EtCH 2 -C( 0 H)(C 02 Et)-CH 2 -C 02 Et, zinc oxide, 
and hydrogen bromide. 

Acids containing more than three carboxylic groups do not, 
as a rule, occur in nature, but a number of esters of such acids 
have been prepared by means of the aceto-acetic ester, malonic 
ester and cyanoacetic ester syntheses. 
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XII. CYANOGEN COMPOUNDS 

Under the name of the cyanogen compounds is included a 
group of substances which are derivable from cyanogen, O 2 N 2 . 
Cyanogen itself is a gas of excessively poisonous properties 
which behaves in many respects like a halogen; and its 
hydrogen compound, hydrocyanic acid, HCN, is an acid re- 
sembling hydrochloric acid to a certain extent. In many 
cyanogen compounds the monovalent group (CN) plays the 
part of an element; cyanogen is to be regarded as the isolated 
radical (CN), which, however, possesses the double formula 
CgNg, just as a molecule of chlorine (Clg) is made up of two 
atoms. The cyanogen group is further capable of combining 
with the halogens, hydroxyl, sulphydril (SH), amidogen, &c. 
From the compounds so obtained numerous others are derived 
by the entrance of alkyl radicals in place of hydrogen. Such 
derivatives invariably exist in two isomeric forms, sharply 
distinguished from one another by their properties. They 
are often termed normal and iso compounds, and the isomerism 
is of very great interest. As polymeric forms are also known, 
the number of cyanogen compounds is very large. 

Carbon and nitrogen do not combine directly except in the 
presence of an alkali, and then a metallic cyanide is formed. 
As examples of this reaction, we have the following: 

1. When nitrogen is led over a red-hot mixture of coal and 
carbonate of potash, potassium cyanide, KCN, is formed, 
especially under a high pressure. 

2. Ammonium cyanide is formed when ammonia is passed 
over red-hot coal. 

3. Potavssium cyanide is formed when nitrogenous organic 
compounds such as leather, horn, claws, wool, blood, &c., are 
heated with potashes. 

4. Hydrocyanic acid is formed when electric sparks are 
passed through a mixture of acetylene and nitrogen, and also 
by the action of the silent electric discharge on a mixture 
of cyanogen and hydrogen. It is also formed (commercial 
method) when a carefully dried mixture of hydrogen, am- 
monia, and a volatile carbon compound (CO, CO 2 , C^H^, &c.) 
is passed over heated platinized pumice. (For further modes 
of formation see p. 302 et seq.) 



SUMMARY OF THE CYANOGEN COMPOUNDS 


Relation to carbonic acid, ficc. 
(See p. 314) 

Name 

Formula 

Nitrile of oxalic acid, 

Cyanogen, 

X;C-C;N 

Nitrile of formic acid, 

Hydrocyanic acid. 

Alkyl derivatives; 

(a) Nitriles, 

(h) Isonitriles, 

NjC-H 

RCiN 

R - N ®C * 


Cyanogen chloride, 
bromide, iodide. 

N : CCl 

COJig -f NHa ~ 211/), 
(Nitrile of carbonic acid, 
eventually Carbimide), 

Cyanic arid. 

Alkyl derivatives: 

(a) Methyl cyanate, 

(b) „ isocyanate, 

N:coH 

N;CO(,Tl8 

OiCINCHs 


111 i ocya n ic aetd. 

Alkyl derivatives: 

(a) Ethyl thio- 

cyanate, 

(b) Ailyl isothio- 

cyanate, 

NjCSH 

NiOSejij 

s:c:nc8H, . 

COgHj + 2NH8 - 3H/), 
(Nitrile and amide of car- 
bonic acid, eventually 
Carbo-di-imide). 

Cyanamide, 

Alkyl derivatives: 

(a) Alkyl cyana- 

mido, 

(b) Carbo-didmidc, 

NJCNHj 

j 

NJCNHR 

RNrCINRt 

The amic acid of car- 
bonic acid, 

Carbamic acid, 

NHjCOOH 

The amide of carbonic 
acid. 

Urea, 

CO{NH.). 


Thio-urea, 

Alkyl derivatives : 

(а) Alky 1-tliio- areas, 

(б) Imido-thio-carba- 

mine com- 
pounds. 

CS(NHj), 

NHjCSNHR 

/NH. 

nh:c< 

\SR 

CO.H, + 3NH, - 3H,0, 
(Ainidiiie), 

Quanidine, 

hn:c(NH,), 


• Electronic formula. t radical. 

801 
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The original material for the })reparation of moat of the 
cyanogen compounds is potassium ferrocyanide, which is manU' 
factured on the large scale and possesses the great advantage 
over potassium cyanide of being stable in the air and compara- 
tively non-poisonous. 


A. Cyanogen and Hydrocyanic Acid 

Cyanogen, N:‘C*C;N, which was discovered by Gay-Lussac 
in 1815, occurs in the gases of blast-furnaces and in coal gas. 

As the nitrile of oxalic acid, it may be obtained by the 
abstraction of the elements of water from ammonium oxalate 
or oxamide by means of P4O10: 

NH 4 OCOCO ONH 4 - 4H,0 - Nje-ejN, 

NHjCO'CO NH, - 2HaO - N:C'C;N. 

It is usually prepared by strongly heating dry silver cyanide, 
AgCN, or mercuric cyanide, ng(CN)2, rig(CN)2 llg 4 O2N2; 
or by heating a solution of cupric sulphate with potassium 
cyanide. 

Cyanogen is a colourless, extremely poisonous gas with an 
odour resembling that of bitter almonds. It is easily liquefied 
and solidified (sp. gr. 1-8 of the liquid; ni.-pt. — b.-pt. 
— 21°). It dissolves in 0*25 vol. of water and in less alcohol, 
and the solutions rapidly decompose. Cyanogen combines 
with heated potassium to KCN, and dissolves in aqueous 
potash to form KCN and KCNO. 

Paracyanogen, (CN)x, a polymer of cyanogen, is an amor- 
phous brown powder which is formed as a by-product when 
mercuric cyanide is heated; upon further heating, it is trans- 
formed into cyanogen. 

Hydrocyanic acid, prussic add, CNH, was discovered about 
the year 1782 by Scheele, and investigated closely by Gay- 
Lussac, 

Some of the more interesting methods of formation are the 
following : 

1. It is readily liberated from its salts by the action of 
almost any other acid, even carbonic acid ; and even complex 
cyanides, e.g. potassium ferrocyanide, when distilled with 
moderately dilute sulphuric acid yield hydrogen cyanide: 

K4Fe(CN), -}- 5H,S04 6HCN + FeS04 + 4 KHSO 4 . 
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The ferrous sulphate produced reacts with more ferrocyanide 
to form potassium ferrous ferrocyanide, FeK2(FeC6N0), which is 
not affected by dilute acids (see p. 306) ; consequently only half 
of the cyanogen present is converted into hydrocyanic acid. 
The anhydrous acid is obtained by passing HgS over lead 
cyanide and condensing the product in a heezlng mixture. 
When concentrated sulphuric acid is employed, carbon mon- 
oxide is obtained from the intermediate product, formic acid, 
but by adding the acid drop by drop, anhydrous hydrocyanic 
acid is formed. 

2. As the nitrile of formic acid, it may be prepared by the 
action of dehydrating agents on ammonium formate or form- 
amide: 

H-CO ONH^ -> H CO NHj -h H^O HCN ~h 2HaO, 

and as a carbylamine by warming chloroform and alcoholic 
potash with ammonia under pressure (cf. p. 113). 

NH 3 + CHCla ^ 3KDH 3KC1 + HNC + SH^O. 

3. Together with oil of bitter almonds, Cgll^-CHO, and 

grape-sugar, by the hydrolysis of the glucoside 

amygdalin under tlie influence of the enzyme ‘‘ eraulsin ” (see 
Benzaldehyde, Chap. XXV, B.): 

+ 2HjO « ONH + C^H^O -f- 2CoH,20,. 

The oil of bitter almonds and its aqueous solution (a^m 
amarum amygdalarum ) — prepared from the almonds them- 
selves — consequently contain HCN. 

The acid occurs in the free state in the tree Pangitim edule, 
found in Java, more particularly in the seeds. It exists in 
the form of glucosides in various plants termed cyanogenetic 
plants. 

For other syntheses see p. 300. 

Hydrogen cyanide is a colourless liquid boiling at 26® and 
solidifying at —14°. Sp. gr. 0-70. It has a peculiar odour and 
produces an unpleasant irritation in the throat, is miscible 
with water, and burns with a violet flame. lAke potassium 
cyanide, it is one of the most deadly poisons. The best anti- 
dotes are stated to be hydrogen peroxide or small quantities 
of chlorine mixed with air. When absolutely pure it can be 
preserved unchanged, but it decomposes in presence of traces 
of water or ammonia, with separation of a brown mass and 
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formation of ammonia, formic acid, oxalic acid, &c. The 
addition of minute quantities of mineral acids renders the 
aqueous solution more stable. 

Liquid hydrocyanic acid is a good solvent for many salts, 
and has a high ionizing power. Acids (sulphuric and trichloro- 
acetic), however, do not appear to dissociate when dissolved 
in the liquid. 

The acid has many properties of an unsaturated compound. 
It is readily reduced by nascent hydrogen to methylamine. 
In the presence of hydrochloric acid it combines with water 
yielding formamide. With diazomethane (Chap. IV, F.) it 
yields methyl cyanide together with methyl carbylamine. With 
hydrogen chloride it gives iminoformyl chloride, NH:CHC1, a 
compound of importance in the synthesis of aromatic alde- 
hydes (A., 1906, 347, 347); but has not been isolated. From 
ethyl acetate solution a product 2HCN, 3HC1 = NHiCH'NIl- 
CHCI 2 , HCl, dichloromethyl formamidine hydrochloride is 
obtained. It combines directly with most aldehydes and 
ketones, yielding cyanhydrms (nitriles of hydroxy acids) 
(p, 238), and also with certain unsaturated compounds, espe- 
cially in the presence of potassium cyanide, yielding saturated 
nitriles {Lapworth, J. C. S., 1903, 995; 1904, 1214; Knoe- 
venagel, B., 1904, 37, 4065); e.g. a-phenylcinnamo-nitrile, 
CHPh:CPh*CN, yields diphenylsuccinylo-nitrile, CN-CHPh- 
CHPhCN. 

Hydrocyanic acid is an extremely weak monobasic acid 
K X IQio = 0*13, and its salts are decomposed even by car- 
bonic acid. It is a typical tautomeric compound (of. Chap. 
LIII, B.), H - C = ^ H ~ N ^ 2c. 

Hydrocyanic acid can be detected by converting it either 
into Prussian blue or into ferric thiocyanate. In the former 
case the solution to be tested is treated with excess of caustic 
soda and some ferrous and ferric salt, boiled, and acidified, 
when Prussian blue results; in the latter the solution is 
evaporated to dryness together with a little yellow sulphide 
of ammonium, the residue taken up with water and ferric 
chloride added, when the blood-red colour of ferric thio- 
cyanate is obtained. 

Tribydrocyanio add, (CNH)x, forms white, acute-angled 
crystals, which readily yield %drogen cyanide when heated 
above 180®. 

Cyanides. — The cyanides of the alkali and alkali-earUi 
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metals are soluble in water, and the solutions have a strongly 
alkaline reaction due to the hydrolysing action of the water. 
The salts of the heavy metals, with the exception of mercuric 
cyanide, are insoluble in water. 

Potassium cyanide, KCN, forms colourless deliquescent 
cubes, sparingly soluble in alcohol. The commercial product 
usually contains large amounts of potassium carbonate due to 
the action of atmospheric carbon dioxide. It is formed when 
potassium ferrocyanide is fused, and the product extracted 
with water: - 4KCN 4 FeCg + Ng. 

Manufacturing processes, — (a) Beilby's process, which consists 
in treating a fused mass of potassium carbonate and carbon 
with ammonia, the })roduct being a molten cyanide of high 
strength. (6) The sodium salt required for extracting gold 
from auriferous quartz is made by fusing sodium ferrocyanide, 
a by-product of gas-works, with sodium Na 4 FeCgNg 4- 2Na 
6NaCN 4- Fe (Me Arthur-F arrest process). 

The pure salt can be prepared by passing hydrogen cyanide 
into an alcoholic solution of potassium hydroxide. It reacts 
with hydrogen peroxide in two different ways (cf. Masson^ 
J. C, S., 1907, 1449): 

1. 80% KCN + H,0, KCNO + H,0 and 

KCNO + 2n,0 NH, + KOH + CO,; 

2. 20% KCN 4- 2H,0 -> NH^ i H (’OOK. 

Mercuric cyanide, Hg(CN) 2 , cr^'stallizes in colourless prisms, 
is stable in the air, readily soluble in water, and excessively 
poisonous. Its aqueous solution is a non-electrolyte. Silver 
cyanide, AgCN, forms a white flocculent precipitate closely 
resembling the chloride in appearance, but is soluble in hot 
concentrated nitric acid. 

Complex Cyanides. — The double cyanides, which are pro- 
duced by dissolving the insoluble metallic cyanides in a solu- 
tion of potassium cyanide, are divided into two classes. The 
members of the one class are decomposed again on the addition 
of dilute mineral acids, with separation of the insoluble cyanide 
and formation of hydrocyanic acid, e.g. KAg(CN) 2 ; K 2 Ni(CN) 4 . 
The gold and silver double salts are largely used in gold and 
silver electro-plating. The members of the other class are 
much more stable and do not evolve hydrocyanic acid ; to this 
class belong poiasiuum ferrocyanide, K 4 Fe(CN)^, [Fe(CN)2, 
4KCN], and Potasaimn f^oyanide, K8Fe(CN)e, [Fe{CN)8, 



306 


XII. CYANOGEN COMPOUNDS 


3KCN]. The members of this second class are often termed 
complex salts, and are the metallic salts of complex acids, e.g. 
liydroferrocyanic acid, H4FeCeN^, and hydroferricyanic acid, 

HaFeCgNe, which are formed when the salts are decomposed 
with mineral acids, and hence do not give reactions charac- 
teristic of the cyanide anion. Certain salts of the latter acid 
are not decomposed at all by dilute acids, for instance Prussian 
blue, but they are by caustic potash (which converts Prussian 
blue into Fe( 011)3 and K 4 FeCgNe). 

Potassium ferrocyanide, yellow prussiate of potash, K 4 Fe(CN )6 
-f 3 H 2 O, may be obtained by adding excess of potassium 
cyanide to a solution of ferrous sul[)hate, or by dissolving 
iron in a vsolution of cyanide of potassium, when hydrogen is 
evolved, thus: 


2KCN 4 Fe ^ 2HjO - FeiCN)^ + 2KOH 4 H,; 

Fe(CN)2 -f 4KCN - K4Fe(0N)e. 

The old commercial method consisted in fusing together 
scrap-iron, nitrogenous organic matter, and crude potassic 
carbonate. 

It is now usually manufactured from the hydrogen cyanide 
|)resent in crude coal gas or the gas from coke ovens. The 
spent oxide used in the purification of coal gas contains Prus- 
sian blue (ferric ferrocyanide, p. 307). The spent oxide is 
heated with hot milk of lime, and the Prussian blue thus 
transformed into calcium ferrocyanide, from which the potas- 
sium salt can be prepared. 

Another method consists in passing the coal gas, before it 
has been subjected to dry purification, through an alkaline 
solution containing an iron salt. The sulphuretted hydrogen 
reacts with the iron salt, forming ferrous sulphide, and this 
with the hydrogen cyanide and alkali (potassium carbonate) 
yields potassium ferrocyanide: 

FeS F 6 HCN 4 2K,CO, - K^FeC.N, 4 H,S 4 2CO, 4 211,0. 

It forms large, lemon-coloured monoclinic plates, which are 
stable in the air and easily soluble in water, but insoluble in 
alcohol. Concentrated HCl yields hydro-ferrocyanic acid* 
H 4 FeCoNg, in the form of white needles. ' With a solution 
of OuSO^, a red-brown precipitate of cupric ferrocyanide* or 
Hatchett's brown, CujFeC^N^, is thrown down, and with solu- 
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fcioim of ferrous and ferric salts the well-known characteristic 
precipitates (see below). (Chlorine oxidizes it to 

Potassium ferricyanide, red frussiaic of potash, K^FeOeNf,, 
2K4FeC6Ne I Cl^ - 2K3Fe(^«Ne + 2KC1. 

This crystallizes in long, dark-red, monoclinic prisms which 
are readily soluble in water. Idie solution decomposes when 
kept, and acts as a strong oxidizing agent in the presence of 
idkali, f)otassiurn ferrocyanide being reproduced. Hydro- 
ferricyanic acid, HgP^eG^Ny, forms unstalde brown needles. 
In these complex cyanides the ON groups arc arranged octa- 
hedrally around a central iron atom. 

Of industrial importance are the pigments Prussian Blue, 
ferric potassium ferrocyanide, KFe/” [Fe“ (GN)^], from a ferric 
salt and a sol able ferrocyanide or a ferrous salt and a ferro- 
cyanide with aerial oxidation. 

Berlin Blue, ferric ferricyanide Fe"‘ [Fe^*^ (CN),^], obtained 
by oxidation of Prussian blue (cf. Keggw and Miles, Natiir<', 
1936, 137, 577). 

Insoluble Prussian Blue, or TmnlndVs Bhie, is a non-electro- 
lyte (CN)e]. 

Sodium nitro-prusside, Na 2 Fe 05 N 5 (NO) H 2 H 2 O, crystallizes 
in red prisms soluble in water, and yields a brilliant but tran- 
sient violet coloration with alkali sulphides. 

B. Halogen Compounds of Cyanogen 

Cyanogen chloride, CbN:C (Berthollei), is a colourless gas 
with an obnoxious odour, and boils at 15*5°. Tt is prepared by 
the action of chlorine upon mercuric cyanide or upon dilute 
aqueous hydrocyanic acid, CNII -f Clg CNCl 4- HCl. It 
polymerizes readily to cyanuric chloride, and yields sodium 
chloride and cyaiiate with aqueous sodium hydroxide. 

Cyanogen bromide, CNBr, forma transparent prisms, and is 
prepared by the action of sulphuric acid on a mixture of 
bromate, bromide, and cyanide of sodium: 

HlirO, -f 6HBr + 3HCN - 3BrCN 4 3HBr ^ 3H,0. 

Cyanogen iodide, CNI, forms beautiful white prisms, smelling 
intensely both of cyanogen and iodine, and subliming with the 
utmost ease (cf. ChaUaway and Wad^ime, J. C. S., 1902, 191). 

Cyanorio ohloride, trichlorocyanogen, (CC1)3N3, forms beau- 
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tiful white crystals with an unpleasant odour, and has m.-pt. 
145^ and b.-pt. 190^ 

For general discussion of urea, cyanic acid, cyamelide and 
cyanuric acid, cf. Chattaway, J. C. S., 1912, 170; Wernety 
1913, 1010, 2275. 


C. Cyanic and Cyanuric Acids 

Cyanuric acid is formed when urea is heated, either alone 
or in a stream of chlorine gas ; and when this acid is distilled, 
and the vapour condensed in a freezing-mixture, cyanic acid, 
CNOH, is obtained as a mobile liquid of a pungent odour: 

C 3 N 3 O 3 H 3 - 3CNOH. 

It is exceedingly unstable; when taken out of the freezing- 
mixture it changes, with explosive ebullition, into a white 
porcelain-like mass which consists of cyanuric acid 70 per cent, 
and cyamelide 30 per cent. Potassium cyanate, CNOK, is pre- 
pared by the oxidation of an aqueous solution of potassium 
cyanide by means of permanganate; or by fusing potassium 
cyanide or yellow prussiate of potash with PbOg or MnOg; 
(CNK + 0 == CNOK). It crystallizes in white plates, readily 
soluble in water and alcohol. Ammonium cyanate, CNO 
(NH 4 ), forms a white crystalline mass, and is of especial 
interest on account of the readiness with which it changes 
into the isomeric urea, CO(NH 2)2 (Chap. XIII, C.). 

When these salts are decomposed with mineral acids, free 
cyanic acid is not formed, but its products of hydrolysis, viz. 
carbon dioxide and ammonia: 

CONH + H,0 - CO, 4- NH,. 

This decomposition is avoided by the addition of dilute acetic 
acid (instead of hydrochloric), but in the latter case the cyanic 
acid changes into its polymer cyanuric acid, and the hydrogen- 
potossium salt of the latter slowly crystallizes out. 

When the hydrogen atom in the cyanic acid molecule is 
replaced by alkyl radicals, two distinct groups of compounds 
are possible. The derivatives which are constituted on the 
type N:C*0*R are termed the normal, and those on the type 
0:C:N*B the iso-compounds. 
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Ethyl isocyanate, cyanic ether, OrCrN-CH^-CHg, obtained 
when potassium cyanate is distilled with ethyl iodide or 
potassium ethyl-sulphate, is a colourless liquid of suffocating 
odour, distilling at 60°, and is decomposed by water. It does 
not behave as a typical ester, since when hydrolysed with acids 
or alkalis it yields ethylamine and carbon dioxide : 


0:c:!NEt + HajO - NHjEt + CO,. 


Water, which acts in a similar manner, gives rise to the 
more complicated urea derivatives; ammonia and amines also 
produce derivatives of urea, and alcohol yields derivatives of 
carbamic acid (see Carbonic Acid Derivatives). « 

The production of ethylamine as one of the products of 
hydrolysis is usually regarded as a strong argument in favour 
of the view that in the original isocyanate the ethyl group 
is attached to nitrogen and not to oxygen, e.g. 0:C:N-Et. 
It is questionable, however, whether free cyanic acid and 
cyanate of potassium possess analogous constitutions, since 
frequent observations have shown that the normal cyanic 
compounds readily change into the iso- (see below) ; theoretical 
considerations indeed make it more probable that cyanic acid 
has the constitution N-C-OH, according to which it appears 
as the normal acid, with cyanogen chloride as its chloride. 
Normal cyanic esters are not known (cf. A., 287, 310). 
Cyanoric acid, C 3 N 3 O 3 H 3 , == (CN) 3 (OH )3 (Schede), obtained 
by heating urea, or by the action of water on cyanuric chloride, 
forms transparent prisms containing two molecules of water of 
crystallization. It effloresces in the air, and dissolves readily 
in hot water. It is a tribasic acid. The sodium salt is spar- 
ingly soluble in cone. NaOH; the (CU-NH 4 ) salt possesses a 
characteristic beautiful violet colour. Upon prolonged boiling 
with hydrochloric acid it is hydrolysed to COg and NH 3 , while 
phosphorus pentachloride converts it into cyanuric chloride. 

Only one cyanuric acid is known and, owdng to the fact 
that the N-methyl derivative is obtained by the action of 
diazo-methane, is represented by the iso-structure: 

/NHCa 

0:c< >NH. 

^NHCO^ 


(Compare also Hantz$ch, B., 1906, 139.) 
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Cyanuric acid is a pseudo acid, as its salts and also chloride 
have the normal structure. The mercuric salt exists in two 
isomeric forms. 

Two distinct groups of alkyl derivatives are, however, 
known — normal cyanuric esters, e.g. ethyl cyanurate, 

- C(OEt) 

- C(OEt) 

which is formed by the action of ethyl iodide on silver cyanu- 
rate at the ordinary temperature, or by the action of sodium 
ethoxide on cyanogen chloride or cyanuric chloride, is readily 
changed into an isocyanuric ester, e.g. ethyl isocyanurate, 

^ NEt - COs 
CO< >NEt. 

^NEt - CO 

These isocyanurates are often formed instead of the normal 
compounds if the temperature is not kept low, e.g. when a 
cyanurate is heated with potassium ethyl-sulphate. They are 
further formed by the polymerization of the isocyanic esters, 
being thus obtained as by-products in the preparation of the 
latter. 

The constitution of the normal compounds is largely based 
on the fact that on hydrolysis they behave as normal esters 
and yield ethyl alcohol and cyanuric acid. The isocyanurates, 
on the other hand, usually yield primary amines, e.g. ethyl- 
amine, and hence presumably the alkyl group is attached to 
nitrogen in the isocyanurate molecule. 

For mixed normal iso-esters see Hantzsch and Bauer ^ B., 
1905, 1005. 

D. Thiocyanic Acid and its Derivatives 

Nearly every oxygen derivative of cyanogen has a sulphur 
analogue. {Clayton and Bann, C. and I., 1942, 420.) 

Potassium thiocyanate, -sulphocyanate^ -sulphocyanide, -rhod- 
anide, CNSK, is readily formed when potassium cyanide is 
fused with sulphur, or when an aqueous solution of KCN 
is evaporated with yellow ammonium sulphide. 

It is usually prepared by fusing potassium ferrocyanide with 
.sulphur and potashes. It forms long colourless deliquescent 
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prieins, extremely soluble in water with absorjjlion of much 
heat, and also readily soluble iji hot alcohol. Ammonium 
thiocyanate, CNS(NH4), is formed when a mixture of carbon 
disulphide, concentrated ammonia, and alcohol (Millon) is 
heated, dithiocar hamate and trithiocarbonate of ammonia 
being formed as intermediate products: 

(AS* A NH3 - CNSH + ilgS. 

It forms colourless deliquescent plates, readily soluble in 
alcohol, and when heated to 130'^-! 40° is partially transformed 
into the isomeric thio-urea, just as ammonium cyanate is into 
urea. It precipitates silver thiocyanate, CNSAg(white), from 
solutions of silver salts, and is therefore emy)loyed in the 
titration of silver, with ferric sulphate as indicator; and it 
gives with ferric salts a dark blood-red coloration of am- 
monium ferrithiocyanate, 2Fe(CjNS)3, 9NH4CNS, 4H2O. 
This hivst reaction is exceedingly delicate. Mercurous thio- 
cyanate, HgCNS, is a white powder insoluble in water, which 
increases enormously in volume upon being burnt (Pharaoh’s 
serpents). The free thiocyanic acid, CNSH, as obtained by 
decomposing the mercurous salt with hydrochloric acid, is a 
pale-yellow liquid of pungent odour, but when pure is a 
colourless solid, m.-pt. 5°. The acid and its salts appear to 
have the normal structure H*S*C:N. At the ordinary tem- 
perature it polymerizes to a yellow amorphous substance, and 
decomposes in concentrated aqueous solution, with formation 
of persulphocyanic acid, C2N2S3H2 (yellow crystals). 

Concentrated sulphuric acid decomposes the thiocyanates 
with formation of carbon oxy-sulphide : CNSH -f HgO 
--COS + NH3 ; sulphuretted hydrogen decomposes them into 
carbon disulphide and ammonia : CNSH H2S = CSg + NHg. 

The alkyl derivatives of thiocyanic acid exist in two distinct 
forms, corresponding vrith the normal and iso-cyanates. 

Normal Thiocyanates . - - Ethyl thiocyanate, N ; C S CHg* 
CHg, is obtained either (1) by the distillation of potassium 
ethyl-sulphate with potassium thiocyanate, or (2) by the 
action of cyanogen chloride upon ethyl mercaptide. It is a 
colourless liquid with a peculiar pungent odour of leeks, boils 
at 142°, and is almost insoluble in water. Alcoholic potash 
hydrolyses it in the normal manner, yielding ethyl alcohol 
and potassium thiocyanate; in other reactions, however, the 
alkyl radical remains united to sulphur; thus nascent hydrogen 
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reduces it to merca]:>tari, and fuming nitric acid oxidizes it 
to ethyl ‘Sulphonic acid. 

These reactions, coin})ined with its formation from a mer- 
captide, indicate that the ethyl group is directly attached to 
sulphur, viz. CgHg-S-CiN. 

Allyl thiocyanate, NiC'S-CgHg, is a colourless liquid smell- 
ing of leeks. It boils at 161^, and when distilled is converted 
into the isomeric mustard oil. 

The iso-thiocyanates are usually known as mustard oils, 
and are more stable than the normal thiocyanates. They 
contain the alkyl radical attached to nitrogen, and not to 
sulphur (cf. Isocyanates), since on hydrolysis they yield primary 
amines, e.g.: 

S:C:NEt + 4 CO 2 4- NHjKt, 


and also on reduction: 

S:c:NEt 4 4H - XHsEt f CH^S. 

The thiomethylene formed in this last reaction immediately 
polymerizes to (€ 1128 ) 3 . The commonest iso-thiocyanate is 
allyl mustard oil, commonly known as mustard oil, since the 
odour and taste of mustard seeds {Sinapis niger) are due to 
this compound. It does not exist as such in the seeds, but 
is formed from a glucoside, potassium m3rronate, when the 
seeds are pulverized and left in contact with water. The 
reaction is a process of fermentation, and is due to the presence 
of an enzyme, myrosin, in the seeds (Chap. LXIX, D.): 

C,oH,80,oNS,K « CeHjjO, 4- KHSO, 4- SCNCaH^. 

It is a liquid sparingly soluble in water and of exceedingly 
pungent odour, produces blisters on the skin, and boils at 
151"^. It is also obtained by distilling allyl thiocyanate, 
owing to a molecular rearrangement, or by the action of 
carbon disulphide upon allylamine: 

CS, + NHj CaHg - CS:N C,H* + HaS. 

This reaction proceeds in two stages, a dithiocarbamate, 
CaHgNH-CS-SNHjCgHg, the allylamine salt of allyl-dithio- 
carbamic acid being first formed, and this is changed into allyl 
iso-thiocyanate wJien distilled with mercuric chloride. (See 
Dithiocarbamic acid, Chap. XIII, D.) 
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Ethyl iso-thiocyanate, CgHgNiCS (b.-pt. 134°), and methyl 
iso-thiocyanate, CHgNiCS (solid, m.-pt. 34°, b.-pt. 119°), &c., 
closely resemble the allyl compound, and are obtained in an 
analogous manner by the action of carbon disulphide upon 
ethylamine, methylarnine, &c. 

The mustard oils are also obtained by distilling alkylated 
thio-urcas (Chap. XIII, D.) with syrupy phosphoric acid, or 
with concentrated hydrochloric acid. 


E. Cyanamide and its Derivatives 


The Amide of Cyanic Acid. — Cyanamide, NiC NHo, is 
formed by leading cyanogen chloride into an ethereal solution 
of ammonia, CNCl -f 2NH3 = CN-NH2 + NII4CI, or by the 
action of HgO upon thio-urea in aqueous solution (“ desul- 
phurization ’'), NH 2 -CS-NH 2 = NC'NHg -f H^S. 

It is a colourless crystalline hygroscopic mass, readily 
soluble in water, alcohol, and ether. It melts at 40°, and 
when heated to 150° changes into the polymeric dicyan-di amide 
with explosive ebullition ; the same change occurs on evaporat- 
ing its solution or allowing it to stand. Dilute acids cause it 
to take up the elements of water, with formation of urea : 


N:CNH, 
+ H,0 



NH, 

NH,; 


and it combines in an analogous manner with hydrogen sul- 
phide to thio-urea. When heated with ammonium salts, it 
yields salts of guanidine. 

Cyanamide behaves as a weak base, forming crystalline, 
easily decomposable salts with acids and, at the same time, 
as a weak acid, yielding a sodium salt, CN-NIINa, a lead and 
a silver salt, &c. The last is a yellow powder, and has the 
composition CN 2 Ag 2 . 

The calcium derivative of cyanamide, N-C-NCa, is manu- 
factured for use as a fertilizer, as, in the soil, the nitrogen 
becomes available for the plant in the form of ammonia. It is 
manufactured by passing air or nitrogen over calcium carbide 
at about 800°-1000°, 

CaC, + N, « CaCN, + 0, 
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or by passing nitrogen over a mixture of lime and carbon 
heated to 2000'^. An excess of carbon is used, and the crude 
product, which forms a black powder, contains 14-23 per cent 
of nitrogen. The presence of a small amount of calcium 
chloride accelerates the absorption of nitrogen by calcium 
carbide. 

For constitution cf. Werver, J. C. S., 1915, 715; also 
Colson, 1917, 554. 

1. Methyl- and ethyl-cyanamides are prepared from methyl 
and ethyl thio-urea. Diethyl-cyanamide, CN 2 (C 2 H 5 )o, and its 
homologues are o])taiue<i by the action of alkyl iodide's or sub 
phates on crude calcium cyanamide (B., 1911, 3149). Acids 
hydrolyse the ethyl compound to COg, NIT 3 , and NIJ(C 2 ll 5 ) 2 , 
hence it possesses the structure N jC-N ( 00115)2 • 

N;C-N{CJT ,)2 I 211^0 ^ NH 3 + CO 2 M 

2- Other cyanamide derivatives, which are chiefly known in 
the aromatic series, are derived from a hypothetical isomer 
of cyanamide, viz. carbo-di-imide, NH:C:Nir; for instance*, 
diphenyl-carbodiimide, C(NC 6 H 5 ) 2 . Boiling with acids like- 
wise decomposes them into COg and an amine, but the latter 
can only be a j)rimary one. 


Xlir. CARBONIC ACID DERIVATIVES 

Carbonic acid is a dibasic acid, forming two series of salts, e.g. 

/OH 

Na^COg and NaHCOg. The acid itself, CO 3 H 2 , - 0:C<; 

^OH, 

is unknown, but may be supposed to exist in the aqueous 
solution. It is the lowest hydroxy-acid Cj^llonO^, i.e. it is 
homologous with glycollic acid, and may bo regarded as 
hydroxy-formic acid. As both hydroxyls are linked to the 
same carbon atom, the non-existence of the free hydrate is 
readily understood (see p. 146, &c.). 

The salts of carbonic acid and several 8 imj)le derivatives of 
carbon are usually treated of under inorganic chemistry. The 
esters, chlorides, and amides of carbonic acid, like the salts, 
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furHi two M‘ries. The*, normal coTiipouinls, e.g. CO(()C2Hr,)2» 
ethyl carbonate, CXjClg, carbonyl chloride, and CO(NH2)2> 
carbamide or urea, are well characterizt^d, and are very Himilar 
to those of oxalic or succinic acid; the acid comjiounds, e.g. 
OTI-CO-OCgTI^, etJiyl hydrogen carbonate, OlI-OO-Cl, chloro- 
forniic acid, and OlJdJO-NlTg, carbamic acid, on the other 
hand, are nnstable in the free state, but form stable salts. 
Many mixed derivatives are known, e.g. ethyl carbamate, 
NUg'CO’OEt, which is an ester and an acid amide, analogous 
to ethyl oxamate (p. 271 ); CbCO-OCgHg, ethyl chloro-formabe, 
which is an ester and an acid chloride. 

A. Esters 

Ethyl carbonate, CO(OC2li5)2, is formed by the action of 
ethyl iodide upon silver carbonate, or by the action of alcohol 
upon ethyl chlorodormaie, and therefore indirectly from 
carbon oxy-chloride and alcohol: 

CI CO-OCaHs ^ CjH^OlI - CO(OCjHda + HCl. 

It is a neutral liquid of agreeable odour, lighter than water, 
and boils at 126 °. 

Analog<nis methyl and propyl esters are known, and also 
esters containing two different alkyl groups. It is immaterial 
wddeh alkyl is introduced first into the molecule, a proof of 
the symmetrical arrangement of the two hydroxyls. 

Ethyl hydrogen carbonate, HO CO O C2H5, a type of an 
acid ester, corresponds exactly with ethyl hydrogen sulphate, 
but is much less stable, and only known in its salts. Potas- 
sium ethyl carbonate, KO-CO-OC2H5, is o})tained by passing 
CO2 into an alcoholic solution of potassic ethoxide: CO2 
+ KOCgHg = C03(C2H5)K. It crystallizes in glistening 
mother-of-pearl plates, but is decomposed by water into 
potassium carbonate and alcohol. 

B. Chlorides of Carbonic Acid 

Carbon oxy-chloride, Carbonyl chloride, phosgene, COClg 
(, 7 . Davy), is the true chloride of carbonic acid and is analogous 
to sulphuryl chloride, SOjC^. It is obtained by the direct 
combination of carbon monoxide and chlorine in sunlight, or 
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preferably in the dark with activated charcoal as catalyst at 
100®-! 25°, and also by the oxidation of chloroform by means 
of chromic acid. It is a colourless gas, condensing to a licjuid 
below 4-8®, of exceptionally suffocating odour, and is readily 
soluble in benzene or toluene. As an acid chloride it decom- 
poses violently with water into CO2 and HCl. It therefore 
transforms hydrated acids into their anhydrides, with separa- 
tion of water, and converts aldehyde into ethylidene chloride. 
It yields urea derivatives with secondary amines of the fatty 
series, and carbamic chlorides with secondary amines of the 
aromatic. It is used as a poison gas and also for various syn- 
theses. 

Chloro-formic acid,* Cl-CO-OH, the half acid chloride of 
carbonic acid, is analogous to the so-called chloroxalic acid 
(p. 208), but is so unstable that it is unknown in the free state. 
Its esters, however, e.g. ethyl chloro-formate, CbCO OCgHg, 
may be prepared by the action of carbon oxy-chloride upon 
alcohols (Dumas, 1833): 

COCb + GjIIbOH « ClCO OGJIj 4 HCJ. 

The ethyl ester is a volatile liquid of very pungent odour, 
which boils at 93®. It reacts as an acid chloride, being decom- 
posed by water, and is of synthetical value for introducing 
the carboxyl group into many compounds. 

The esters and acid chlorides just described are derived 
from ordinary carbonic acid, H2CO3, the analogue of meta- 
silicic acid, £[28^03. Although an ortho-carbonic acid itself, 
C{0H)4, is unknown, certain derivatives are readily prepared. 
Carbon tetrachloride may be regarded as the chloride of ortho- 
carbonic acid. It is much more stable than ordinary acid 
chlorides, and at high temperatures only is it decomposed 
by alkalis, yielding alkali chloride and carbonate. 

The esters of ortho-carbonic acid, e.g. ethyl ortho-carbonate, 
0(003115)4, are readily obtained by the action of sodium alco- 
holates on chloropicrin (p. 107). They are colourless oils vrith 
fragrant odours. The ethyl ester boils at 158°, and the propyl 
at 224®. When hydrolysed, they yield an alkali carbonate and 
the alcohol. 


^ Oftin erroaeoualy caUed chloroctrbonic add. 
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C. Amides of Carbonic Acid 

The normal amide of carbonic acid is urea or carbamide* 
NH 2 ’C 0 ‘NH 2 , the amic acid is carbamic acid, HO’CO-NHg. 
Imido-carbonic acid, HN : C(OH) 2 , would be an imide of car- 
bonic acid, but it is only known in its derivatives (Sandmeyer), 

The anoidine of carbonic acid is guanidine. The ‘‘ ortho- 
amide ’’ of carbonic acid, which would possess the formula 
C(NH 2 ) 4 , is unknoTiTi; when it might be expected, guanidine 
and ammonia are formed instead. 

The modes of formation of urea and of carbamic acid are 
exactly analogous to those of the amides in general: 

1 . By the action of ammonia upon ethyl carbonate: 

CO(OCaH,), 4- 2NHg - CO(NH,)» 4- 

C0(0C2H,), -k NH, » NH, CO OC,H, 4- C,H,,OH. 

2. By the abstraction of the elements of water from car- 
bonate or carbamate of ammonia. Dry carbon dioxide and 
ammonia combine together directly to ammonium carbamate 
the so-called anhydrous carbonate of ammonia, NHg’CO* 
ONH 4 , which is transformed into urea when heated to 

or when exposed to the action of an alternating current of 
electricity: 

NIIj OO ONH, - COCNH^), 4- H,0. 

3. By the action of ammonia upon carbonyl chloride and its 
derivatives : 

COClj 4 - 4 NH 3 « COCNHa)* -h 2 NH 4 CI. 

C0(0C2H,)C1 4- 2NH, - C0{0C3H4)NH, + NH^Ci. 

Carbamic acid, NH 2 -CO-OH, is known only in the form 
of derivatives; the ammonium salt, NH 2 *GO’ONH 4 , forms a 
white mass, and dissociates at 60® into 2 NH 3 + COg. Its 
aqueous solution does not precipitate a solution of calcium 
chloride at the ordinary temperature; but when boiled it is 
hydrolysed to the carbonate, and calcium carbonate is then 
thrown down. 

XTrethane, Ethyl carbamate^ NHj’CO'OCgHg, is formed 
according to method 3, and by the direct union of cyanic 
acid with alcohol; also from urea nitrate and sodium nitrite 
in presence of alcohol. It forms large plates, is readily 
soluble in water, melts at 50®, and boils at 184®. It acts 
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as a soporific, and on hydrolysis with alkali yields the alkali 
carbonate, ammonia and ethyl alcohol. One of its hydrogen 
atoms is replaceable by sodium. Urethane may be employed 
instead of cyanic acid for certain synthetic reactions. Methyl 
and propyl esters are also known. 

Carbamic chloride, NH2*C0-C1, obtained by the action of 
hydrogen chloride upon cyanic acid (Wohler), and of carbonyl 
chloride upon ammonium chloride at 4(X)°, forms long, com- 
pact, colourless needles of pungent odour, IVl.-pt. 50"", b.-pt. 
61°-62‘^. It reacts violently with water, amines, &c., and 
serves for the synthesis of organic acids (see these). 

Ethyl imido-dicarboxylate, NH{C02C2H5)o, is the imide 
corresponding with the amide urethane. It may be pre])ared 
from the sodium compound of urethane and ethyl chloro- 
f or mate. It forms colourless crystals, melting at 50°. By 
the exchange of one ethoxy (OCgHg) group for an amido (NHg) 
group, it gives rise to allophanic ester, and by t he exchange of 
two, to biuret (see p. 327). 

Urea, Carbamide, CO(Nff 2 ) 2 , was first fi>und in urine in 
1773. It is contained in the urine of mammals, l)ir(]s, and 
some reptiles, and also in other animal fluids. An adult man 
produces about 30 gm. daily, and it may be regarded as the 
final decomposition product formed by the oxidation of the 
nitrogenous compounds in the organism. 

It has been shown that ammonium cyanate and urea are 
formed when a very dilute solution of glucose (Chaj). XIV, A.) 
in strong ammonia is oxidized. Larger yields are obtained by 
oxidizing an ammoniacal solution of formaldehyde. It is 
possible that this represents the changes which take place in 
the animal system, viz, glucose -> formaldehyde -> ammonium 
cyanate carbamide (Fosse, C. R., 1919, 168, 164). 

It may be prepared by the action of ammonia on ethyl car- 
bonate, ethyl carbamate, or phosgene, and synthetically by the 
molecular transformation of ammonium cyanate, by warming 
its aqueous solution or allowing it to stand (cf . pp. 1 and 308) : 

N: C ONH4 ^ NHg-CO NHa. 

The reaction is reversible, and hence the process is never 
complete. When equilibriufOL is reached, particularly in the 
presence of excess of ammonia, only a very small amount of 
untransformed cyanate is left, and the equilibrium is practically 
independent of the temperature. The reaction has been shown 



to be a tyj;icai bimol^'enlar un<* {WnfLry and HainhUj, J. C. S., 
1895, 74(3). 

The reaction is represented as follows by Ckaliaway (J. C. vS., 
19 r2, 170. Compare also Werner, ibid. 1913, 10]<), 2275; 
1914, 926): 

N H, N : 0 : 0 1 1 N : c : o f jsi H3 ^ iin : c(oh)n nh^ co nh*. 


It is luaniifactuxed in Germany from Nllg and COg. It is 
also manufactured by the addition of w^ater to cyanamide 
with the aid of dilute. sulj)huric acid, the removal of the acid 
by the a<hlition of chalk and evayx>ration to dryness (C. and M. 
Eng., 1925, 791). It can also be obtained by the action of 
liquid COo on liquid ammonia and the process can be made 
continuous (J. 1. E. C., 1930, 289). 

Eoiir dillerent structures have been suggested for urea: 


NH, 


Nil 2 

o:c; 

11 

iioa 

Nib 


' NH 

Amide 


Eno] 



XH3. 


IV 

iin:o; I 

Ml, 


0 

Zwittenon 


Cyclic 


(Cf. Taylor and Baker, Org. Chem. of Nitrogen, Oxford, 1937 ; 
Bergmann and Wcizmaii, Trans Far., 1938, 783.) 

Dipole moment determinations point to III as the most 
probalde structure for urea and also for thio-iirea. In alkyl 
and particularly dialkyhureas and thio-ureas the tendency to 
ion formation is much less marked. The Banian eflect points 
to the presence of the C:N group and X-ray examination 
points to a symmetric<al structure, probably 

. Jl-b - /NH, 

0 - - o/ ^ O— C( » 

Nib -NH,. 

It is interesting to note that when urea and its homologues 
are methylated by means of methyl sulphate 0-methyl deriva- 
tives, e.g. HN:C(NH 2 )OMe, are formed (Werner), 

It crystallizes in long rhombic prisms or needles, has a 
cooling taste, is very readily soluble in water, also in alcohol, 
but not in ether. It melts at 132°, sublimes in vacuo without 
decomposition, and when strongly heated yields ammonia, 
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cviiiuiric acid, biuret, and ammelide. As an amide it is readily 
Liydrulysed by boiling with alkalis or acids, or by superheating 
with water (cf. Fawsitty J. C. S., 1904, 1581; 1905, 494): 

CO(NH2)a +H 2 O CO 2 -f 2EN,. 


It forms a definite compound with hydrogen peroxide. 
Nitrous acid reacts with it to produce carbon dioxide, 
nitrogen, and water: 

C0(NH2)2 + 2 NO 2 H « COa -f 2N* + 3H,0. 


Sodium hypochlorite and hypobromite act in a similar 
manner (Davy, Knop)y and Hiif net's method of estimating urea 
quantitatively depends upon the measurement of the nitrogen 
evolved. Urea also reacts with bromine and alkalis in much 
the same manner as the lower acid amides {Hofmann reaction, 
p. 211 and Chap. XXXVIII), yielding carbon dioxide and the 
corresponding amine, hydrazine (C. Z., 1905, i, 1227), which 
is best removed by the addition of benzaldehyde. Urea is 
readily estimated by conversion into ammonia, either by 
heating with pure crystallized magnesium chloride and a 
little hydrochloric acid or by means of an enzyme (a urease) 
contained in soya beans. 

Urea reacts with an aqueous solution of chlorine, yielding 
the dichloro-derivative CO(NHCl)2. With acids this forms 
nitrog<m trichloride, and with ammonia it yields diurea or 


.NH-NH 

paraurazine, CO<^ ^CO (Chaliawatjy J. C. S., 1909, 

\nh-nh/ 


129, 235). When warmed with alcoholic potash to 100®, urea 
is converted into cyanate of potassium and ammonia. 

The basic character of the amino groups is greatly weakened 
in urea by the presence of the negative carbonyl. Among 
the salts of urea with acids may be mentioned urea nitrate, 
CON2H4, HNO3, which crystallizes in glistening white plates, 
readily soluble in water, but only slightly in nitric acid; also 
the chloride, oxalate, and phosphate. But like acetamide, 
urea also forms salts with metallic oxides, especially with mer- 
curic oxide, e.g. CON2H4, 2HgO; finally, it yields crystalline 
compounds with salts, e.g. urea sodium chloride, CON 2 H 4 , 
NaCl, HgO (glistening prisms), and urea silver nitrate, 
CON2H4, AgNOj (rhombic prisms). The precipitate which 
is obtained on adding mercuric nitrates to a neutral aqueous 



ALKYLATEJ) UREAS 


321 


flolution of urea has the formula 2C()N2H4, Hg(N 03 ) 2 , 3HgO and 
upon its formation depends Liebig's method for titrating urea. 

Lsomeric with urea is the amidoxime, isoret or methane 
amidoxime, NH:CH*NH*OH, which is obtained from HCN 
and NHgOH; it crystallizes in prisms (see p. 217). 

Closely related to carbamide, NHg-CO'NHg, is semicar- 
bazide or semihydrocarbazide, NHg-CO'NH’NHg, which is 
the half amide and half hydrazide of carbonic acid. It may 
be prepared from potassium cyanate and hydrazine hydrate. 
It is a basic substance, melts at 96^, and is usually met with 
in the form of its hydrochloride. It reacts with aldehydes 
and ketones in much the same manner as phenyl-hydrazine, 
yielding condensation products known as semicarbazones: 

CeH. CO CHs NIC-NH CO NH^ 

- 4- CeH, C(CH3):N NH CO-NH„ 

wdiich crystallize well, and have well-defined melting-points 
(see p. 160). 

Alkylated ureas are obtained by the exchange of the amido- 
hydrogen atoms for one or more alkyl radicals. 

They are produced by Wohler's synthetical method, viz. by 
the combination of cyanic acid with amines, or of cyanic esters 
with ammonia or amines, thus: 

CO NO3H3 4 NH3 C2H5 - C0(NH C2H6),. 

Also from amines and carbon oxy-chloride. As examples may 
be mentioned: 

Methyl urea, NHa-CO NHMe; a-Diethyl urea, CO(NHEt)3. 

Ethyl urea, NHj-CO NHEt; /S-Diethyl urea, NH^ CO NEt,. 

Certain of them closely resemble urea; others, however, are 
liquid and volatilize without decomposition. Their constitution 
follows very simply from the nature of the products which 
are formed on hydrolysis; thus a-diethyl urea breaks up into 
carbon dioxide and ethylamine, and the jS-compound into 
carbon dioxide, ammonia, and diethylamine, in accordance 
with the generalization enunciated on p. 114, that alkyl radi- 
cals which are directly united to nitrogen are eliminated as 
amines on hydrolysis. 

Acyl Derivatives. — By the entrance of acyl radicals into 
urea, its acid derivatives or ureides are formed. These are 
formed by the action of acid chlorides or anhydrides upon 

( B 480 ) 13 
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urea, or by the action of phosphorus oxy-chloride upon the 
salts of urea with organic acids. The simple ureides correspond 
in many respects with acid amides or anilides, have neither 
distinctly acid nor basic properties, and may be hydrolysed to 
the acid and urea or its products of decomposition (p. 320). 
To this class belong acetyl urea, NHg-CO NH-CO-CHg, and 
allophauic acid, NH2‘C50*NHC02H. Hydroxy-monobasic 
acids also form ureides, not only in virtue of their acidic 
nature, but as alcohol and acid at the same time, thus: 


Hydantoic acid, COvf 


Hydantoln, 


/NHOHjCO^H 

^NITa, 

^NHCH, 


Lactyl urea, CO 


“vNH.i-0. 




Hydantoin or glycolyl urea (needles, neutral) and hydantoic 
acid or glycoluric acid (prisms), are derivatives of glycollic acid; 
the former on hydrolysis yields hydantoic acid, which in its 
turn is broken up into COg, NH 3 , and glycocoll. They are 
obtained from certain uric acid derivatives (e.g. allantoin) by 
the action of hydriodic acid, and also synthetically, for in- 
stance, hydantoic acid from glycocoll and cyanic acid. A 
methyl-hydantoin, C 3 H 3 (CH 3 )N 202 , results from the partial 
hydrolysis of creatinine (p. 335), NH being replaced by 0. 

Numerous substituted hydantoins are formed by the action 
of hypochlorites or hypobromites on dialkylated malonamides, 
e.g. diethyl malonamide, CEt 2 (CONH 2 ) 2 , gives diethylhydan- 
toin, and by other methods (cf. Thorpe's Die., II, 633). 

Just as the dibasic acids — oxalic, malonic, tartronic, and 
mesoxalic — yield amides with ammonia, so with urea they form 
compounds of an amidic nature. In such reactions either two 
molecules of water are eliminated, so that no carboxyl remains 
in the compound, or only one molecule is eliminated and a 
carboxyl group is retained. In the former case the so-called 
cyclic ureides are obtained, and in the latter the ureido-acids, 
e.g. from oxalic acid, parabanic and oxaluric acids: 

COOH .NHCO /NH, 

CO< I C0< 

OOH \NHCO \NHCOCO,H 

Oxalic acid Cyclic ureide (oarabanic acid) Ureido>acid (oxaluric ada} 
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In an analogous manner the ureide barbituric acid, C4H4N2O3, 
is derived from malonic acid, the ureide dialuric acid, C4H4N2O4, 
from tartronic acid, and the ureide alloxan, C4H2N2O4, and 
ureido-acid alloxanic acid, C4H4N2O5, from mesoxalic acid. 
These are solid and, for the most part, beautifully crystallizing 
compounds of a normal amidic character, and therefore readily 
hydrolysed to urea (or COg and NH3) and the respective acid. 
The ureido-acids may be regarded as half-hydrolysed ureides, 
and may be prepared from the latter in this manner. As they 
contain a carboxyl group, they still possess acidic properties. 

The constitution of the various cyclic ureides and ureido- 
acids follows in most cases from the products they yield on 
hydrolysis, and also from their synthetical methods of for- 
mation and their relationships to one another. 

Some of these ureides are obtained synthetically from urea 
and the requisite acid often in the presence of phosphorus 
oxy-chloride, e.g. malonyl-urea (barbituric acid), 



from urea and malonic acid. Many can be obtained by the 
oxidation of various complex natural products, e.g. alloxan or 
parabanic acid by oxidizing uric acid with nitric acid. 

Most of the ureides have the character of moderately strong 
acids. Since this acid character is not to be explained, as in 
the case of the ureido-acids, by the presence of carboxyl 
groups, it is probably due to the presence of NH groups 
attached to CO. This explains, for instance, why parabanic 
acid is a strong dibasic acid. 

Only a few of the more important among these compounds 
can be discussed here. The names given to the majority of 
them have no relationship to their constitution, and were as- 
signed to them before the constitutions had been determined. 


,NH-CO 

Parabanic acid, Oxalyl urea, CO<f 1 , 

^NHCO 


is prepared 


by the action of nitric acid upon uric acid, or of oxalyl chloride 
on urea, and crystallizes in needles or prisms soluble in water 
and alcohol. The salts, e.g. CgHKNgOg, CgAggNaOj, are un- 
stable, being converted by water into salts of oxalnric acid, 
NHa-CO-NH-CO-COaH, which crystallize weU. 
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.NMe-CO 

A methyl-parabanic acid, CO(" I , and a di- 

^NH-CO 

methyl-parabanic acid, the so-called cholestrophane ”, 

.NMe-CO 

CO(^ I , are also known. The former is prepared by 

^NMe‘CO 

the action of nitric acid upon methyl-uric acid, and crystal- 
lizes in prisms, while the latter is obtained from theine with 
nitric acid or chlorine water, and also by the mcthylation of 
parabanic acid, i.e. from the silver salt and methyl iodide. It 
crystallizes in plates and distils without decomposition, 
NH-C(0H3). 

Methyl-uracyl, CO<^ yCH, is produced by the 

\NII-CO 

action of urea upon acetoacetic ester, water and alcohol being 
eliminated. When it is treated with nitric acid, a nitro-group 
enters the molecule, and the methyl grouj) is oxidized to 
carboxyl, thus forming 5-mtro-uracyl-4-carboxylic acid. 


CO 


NHCiCO^Ht^ 


NHCO~ 




^C(NO,). 


This in its turn can give up carbon dioxide and pass into 

5-nitro-aracyl, 



which yields upon reduction with tin and hydrochloric acid 
b-amino-uracyl and isobarbitoric acid, b-hydroxy-uracyl^ 



This last is oxidized by bromine water to isodialuric acidi 



from which uric acid may be synthesized by warming with 
urea and sulphuric acid (see p. 328). 
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.NHCO. 

Barbituric acid, Malonyl urea, /CHg, crys« 

^NHCO^ 

tallizes in large colourless prisms { + 2 H 2 O) {K x 10® = 10). 
The hydrogen atoms of the methylene group are reactive (cf. 
ethyl malonate), and can be replaced by bromine, -NOg, :N*OH, 
metals, &c. The metallic radicals in their turn can be 
replaced by alkyl groups. The dimethyl derivative when 
hydrolysed pelds carbon dioxide, ammonia, and dimethyl- 
malonic acid, thus indicating that the methyl groups have 
replaced the methylene hydrogen atoms. The tso-nitroso 
.NH*CO. 

derivative, CO(^ ^:N*OH, violuric acid, can also 

^NH-CO^ 

be obtained by the action of hydroxylamine on alloxan, and 
on reduction yields amino-barMtoric acid (uramil), from which 
pseudouric and uric acids have been synthesized (p. 328). 
Diethylbarbitoric acid (veronal or barbital) and Ethylphenyl- 
barbituric acid, CO(NH*CO) 2 CEtPh, Iwninal are used as 
soporifics, and yield metallic (sodium) derivatives used for 
the same purpose. 

.NH-CO. 

Dialuric acid, Tartronijl urea, CO(^ ^CH OH, crys- 

tallizes in colourless needles or prisms which redden in the 
air. It is a strong dibasic acid, and on oxidation yields allox- 
antin. 

,NH-CO. 

Alloxan, Mesoxalyl urea, CO^ /CO, may be pre- 

^NH‘CO^ 


pared from uric acid by oxidation with cold HNO 3 . It forms 
large colourless glistening rhombic prisms ( + 4 H 2 O), is readily 
soluble in water, and has strongly acidic properties. It colours 
the skin purple-red, and with ferrous sulphate solution pro- 
duces an indigo-blue colour. It combines with NaHSOg, and 
readily changes into alloxantin. The corresponding ureido- 
acid, alloxanic acid, NHg-CO NH-CO-CO-COjH, which alloxan 
yields even with cold alkali, forms a radiating crystalline 
mass readily soluble in water. Methyl- and di-methyl-alloxan 
are also known, and may be obtained by the action of nitric 
acid upon methyl-uric acid and caffeine respectively. 

The diureide alloxantin, CSH4O7N4, stands midway in 
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composition between tartronyl- and mesoxaljl-urea, by the 
combination of which it is formed. It may also be obtained 
by the action of HgS on alloxan, or directly from uric acid 
and HNOg. It crystallizes in small hard prisms (-fSHgO), 
which become red in air containing ammonia, their solution 
acquiring a deep-blue colour on the addition of ferric chloride 
and ammonia. The tetramethyl derivative, amalic acid, 
Cg(CH 3 ) 4 N 407 , is obtained by oxidizing theine with chlorine 
water, and forms colourless crystals which redden the skin 
and whose solution is turned violet-blue by alkali. Both these 
compounds yield, upon oxidation, first alloxan or its dimethyl 
derivative, and then parabanic or dimethyl-parabanic acid. 
Alloxantin probably has the constitution: 

/NHCO. /CONH- 

CO< >CO. 

When heated with ammonia it is converted into mnrexide, 
the acid ammonium salt of purporic acid, CgHgNgOg; this is 
the acid form of barbituryl iminoalloxan : 



(J. pr., 1905 [ii], 73, 449), which is formed when uric acid is 
evaporated with dilute nitric acid, and ammonia added to the 
residue; this constitutes the morexide test” for uric acid. 
Murexide crystallizes in four-sided plates or prisms (d-HgO) 
of a golden-green colour, which dissolve to a purple-red solu- 
tion in water and to a blue one in potash. The free acid is 
incapable of existence. 

Allantoin is a diureide of glyoxylic acid, of the constitution 
.NHCHNHCONH, 

^NHCO, 

and is found in the allantoic liquid of the cow, the urine of 
sucking calves, &c. It forms glistening prisms, and can be 
synthesized from its components. 

Biuret, NHg’CO-NH-CO-NHg, is obtained by heating urea 
at 160° (for mechanism cf. Wernery J, C. S., 1913, 2278). 

2NH, CO*NH, - NH, + NH(CO NH,),. 
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It crystallizes in white needles (-fHgO), and is readily 
soluble in water and alcohol. The alkaline solution gives a 
beautiful violet-red coloration on the addition of a little cupric 
sulphate — the “ biuret reaction Biuret is also formed by 
the action of ammonia upon the allophanic esters, crystalline 
compounds sparingly soluble in water, which are prepared 
from urea and chloro-carbonic esters, thus: 

COiNHa)* -f Cl COgCjHg - NH^CONH-COAHs + HCl. 

Allophanic acid itself is not known in the free state, as it 
immediately breaks up into urea and carbon dioxide. Biuret 
may be regarded as its amide. 

The Purine Group [E. Fischer, B., 1899, 435; 1902, 2564).— 
A number of relatively complex cyclic diureidcs derived from 
1 molecule of hydroxy dibasic acids and 2 of urea are known. 
One of the most important of these is uric acid. 

The parent substance of this group of compounds is purine. 
Purine: 

iN :-CH^ 
aCH 6CNH\8 
sN C — 

4 » 

is usually obtained from uric acid I, which reacts with phos- 
phorus oxy-chloride as the tautomeric trihydroxy purine II: 

NHCO N— COH 

I to II cohcniin^.™ 

(8)NH-CNH/ ' N C— 

(9) 

yielding the corresponding trichlorpurine III; 

N-CCI 

III CCl C NH\ 

N_C__N<A ’ 

and this on reduction yields purine itself. It is a colourless 
crystalline compound, melts at 217°, and is both an acid and a 
base. It dissolves readily in water, and is not easily oxidized. 
The atoms of the ring are usually numbered as indicated. 

Uric acid is the keto form of 2 : 6 : S-trihydroxy-purine, and 
has the constitutional formula I above. 

Uric acid and many other compounds containing the 
•NH'CO- group, as tautomeric substances, behave in certain 
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reactions as ketonic compounds and in other reactions as hy- 
droxylic derivatives, i.e. they exhibit keto-enolic tautomerism. 

It is a common constituent of the urine of most carnivorous 
animals, whereas that of herbivorous animals contains hippuric 
acid. The average human excretes about 0-6 gm. per diem. 
It is also found in the blood and muscle juices of the same 
animals. Human blood contains about 30 mg. per litre, 
and is the oxidation product of the nucleic acids of food and 
the nucleo-proteins of the tissues. These give rise to the four 
purine bases guanine (2-amino-6-oxy“) adenine (6-amino-) 
hypoxanthine (6-oxy-) and xanthine (2 : 6-dioxy-purine). It is 
also contained in the excrement of birds, serpents, and insects, 
and in guano. 

Syntheses, — 1. By heating glycocoll with urea (Horbaczewskiy 
B., 1882, 2678). 

2. By heating isodialuric acid (p. 325) with urea and concen- 
trated sulphuric acid (iZ. Behrend and 0. Roosen, A., 261, 235): 


NHCO 
CO C OH 
NHCOH 


NHCO 


®*^\co 

H,N/ 


NHC-NH 


^CO + 2H*0. 


3. By heating cyano-acetic acid with urea {Traube, B., 1891, 
3419; 1900, 3035). 

4. By heating pseudouric acid with hydrochloric acid when 
water is eliminated (E, Fischer^ B., 1897, 559); 

NHCO NHCO 

CO CH NH CO NH, - H^O + CO C NH\ 

NHCO NH.CNH/ 


The pseudo acid is obtained as the potassium salt by the 
condensation of amino-barbituric acid (p. 325) with potassium 
cyanate {Baeyer): 

NHCO NHCO 

60 CH NH, + HCNO » tO CH NH CO NH,. 

nh-6o imco 


It is usually prepared from guano and the excrement of 
serpents, and crystallizes in small plates; is almost insoluble 
in water, and quite insoluble in alcohol or ether. Uric acid 
is a weak dibasic acid; its common salts are the acid ones, 
replacement of H in (3) and then in (9), e.g. C5H3O3N4K, a 
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powder sparingly soluble in water. The lithium and piper- 
azine salts are somewhat more soluble, and hence are used in 
medicine for removing uric acid from the human system. 
The accumulation of uric acid in the system produces various 
diseases: gout due to deposition of the acid in the joints, 
stones in bladder, kidneys, &c., due to formation of the solid 
crystals, different types of rheumatism, See, 

When the two lead salts are treated with methyl iodide, 
methyl- and dimethyl uric acids are obtained, both of which 
are weak dibasic acids, since they still contain replaceable 
imido-hydrogen atoms. 

Constitution . — The constitutional formula, given above, was 
first proposed by Medicus, and afterwards proved to be correct 
by E. Fischer (A., 215, 253). The more important arguments 
used were: (1) Uric acid yields alloxan and urea when 
cautiously oxidized, indicating that it contains the 6 mem- 
bered p^Timidine ring condensed with a carbonic acid deriva- 
tive. Another product formed on oxidation is parabanic 
acid, thus proving the presence of the 5 membered imina- 
zole ring; (2) uric acid contains four imido groups, since, 
by the introduction of four methyl groups, one after the 
other, four mono-methyl, various di- and trimethyl, and one 
tetramethyl uric acids are obtained. When the tetramethyl 
acid is hydrolysed with concentrated hydrochloric acid all the 
nitrogen is eliminated as methylamine, and thus each methyl 
group is probably attached to a nitrogen atom; (3) dimethy- 
luric acid yields methylalloxan and methylurea on oxidation. 

Uric acid is usually recognized by its sparing solubility, and 
by its giving the murexide test. 

Xantlime, 2 : 6- Dihydroxy -purine, or the corresponding keto 
form: 


NHCO 
CO C'NHx ^ 
NHC— 

Xanthine 




NHCO 




Hypoxanthine 


may be obtained by the reduction of uric acid with sodium 
amalgam, or by the action of nitrous acid on guanine (2-amino- 
6-oxypurine). It is a white amorphous mass, and is both basic 
and acidic. The lead salt, C 5 H 2 PbN 402 , is converted into 
theobromine by methyl iodide. (Of. B., 1897, 2235; 1900, 
3035.) When oxidized it yields the same products as uric acid, 

<b480 ) 13 • 
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3. With PCI, 

1 

Trichloro-purine, 
j reduced. 

Purine, 

N= CH 

CH C NH. 

;! ii >CH. 

N— C-N^ 
Xanthine, hypo- 
xanthine, guan- 
ine, and adenine 
can also be ob- 
tained from tri- 
chloro - purine 
(B., 1897. 2220, 
2226). 

2. On Reduction 
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For details of oxidation with hydrogen peroxide cf. Venable and others, J. A. C. S., 1917, 1750; 1918, 1099, 1120. 
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Hypozanthine, SardiM, or ^‘Oxy-purincy is sparingly soluble 
in water and closely resembles xanthine. 

Theobromine, 3 : 1 ’Dimethyl-xanthine, 


NH-CO 
CO C NMe. 
NMeC — 

'rheobromine 


NMeCO 


CO C*NMe\^„ 
l^eC N^^^ 


Caffeine 


occurs in the beans of cacao; it is a crystalline powder of 
bitter taste, and is only sparingly soluble in water and alcohol. 
It forms salts both as a base and as an acid. The silver salt, 
C 7 H 7 AgN 402 , when treated with CHgl, yields caffeine or 
theine, 1:3: l-trimethyl-xanthine, which occurs in tea (2-4 per 
cent), coffee, and various plants. (For synthesis from dimethyl 
urea and malonic acid see Fischer, B., 1895, 3137 ; 1899, 435; 
from cyanoacetic acid, 1900, 3035.) It crystallizes ( + H 2 O) 
in beautiful long glistening silky needles of faintly bitter taste, 
which are sparingly soluble in cold water and alcohol, and can 
be sublimed. The salts are readily decomposed by water. 
Chlorine oxidizes it to dimethyl-alloxan and monomethyl-urea. 
Theophylline, 1 : S-dimethyl-ocanthme, also occurs in tea. 

Guanine, ^-amino’^-oxy-purine, or ^-amino-hypoxanthine, and 
adenine, ^-amino-purine, both contain amino-groups, and are 
thus basic substances. Both compounds, together with xan- 
thine and hypoxanthine, are formed by the decomposition of 
the nucleic acids and other complex compounds contained in 
the animal system. The constitution follows largely from 
(1) basic properties, (2) their conversion respectively into 
xanthine and hypoxanthine by the aid of nitrous acid, and 
(3) from their oxidation products. 

A summary of some of the more important ureides which 
can be obtained from uric acid are tabulated on p. 330. 

For other uric acid derivatives of. BiUz, A., 1916, 418, 
1-206; 1917,414,54. 


D. Sulphur Derivatives of Carbonic Acid 

In addition to most of the carbonic acid derivatives which 
have been described, there exist analogous compotmds in which 
the oxygen is wholly or partially replaced by sulphur. Many 
of these again are unstable in the free state, from the fact of 
their being too readily hydrolysed to COj, COS, or CSj, but 
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they are known as salts, or at least as esters. Some of the 
latter are sulphur esters, e.g. CO(SEt) 2 , and as such on hydro- 
lysis yield mercaptans and not alcohols. 

Various mono-, di-, and tri-thio-derivatives of carbonic acid 
are known, according as 1, 2, or 3 of the oxygen atoms are 
replaced by sulphur. 

Many of the thio-acids react as tautomeric substances, and 
give rise to isomeric alkyl derivatives in exactly the same 
manner as hydrocyanic, cyanic, and thiocyanic acids. 

Thiophosgene, Thiocarhonyl chloride, CSCI2. When chlorine 
is allowed to act upon carbon disulphide, there is first formed 
the compound CCl 3 ‘SCl, which is converted into thiophosgene 
by SnClg. It is a red, mobile, strongly fuming liquid of 
sweetish taste, wliich attacks the mucous membrane, and boils 


at 73°. In its chemical behaviour it closely resembles phosgene, 
but is much more stable towards water than the latter, being 
only slowly decomposed even by hot water. With ammonia it 
yields ammonium tiiiocyanate and not thiocarbamide. 

Thiocarbonic Acids. — Tri-thiocarbonic acid is made up of 
the constituents CSg + HgS, so that carbon disulphide is its 
thio-anhydride, while the di-thiocarbonic acids contain the 
elements of CSg -f HgO or of COS + HgS, and the mono- 
acids those of COS + HgO or of CO 2 HgS. We find accord- 
ingly that CSg combines with NagS to CSgNag, sodium tri- 
thiocarbonate, with KSCgHg to CS{SC 2 H 5 )SK, with KOCgH^ 
(i.e. an alcoholic solution of potash) to CS(OC 2 H 5 )SK, potas- 
sium xanthate. In a similar manner COS and CSCIg combine 
with mercaptides and alcoholates. 

Tri-thiocarboxiic acid, CSgHg, is a brown oil, insoluble 
in water, and readily decomposed, and its ethyl ester, 
S:C(SC 2 H 5 ) 2 , a liquid boiling at 240°. 


Potassium xanthate, S: 



, obtained by the action 


of potassium ethoxide, (KOH-f CgHgOH), on carbon disulphide, 
crystallizes in beautiful colourless needles, very readily soluble 
in water, less so in alcohol. A solution of cupric sulphate 
throws down cupric xanthate as a yellow unstable precipitate, 
hence the name. It is employed in indigo printing. The free 
xanthic acid, ethyl hydrogen di-thiocarbonate, S:C(OEt)*8H, 
is an oil insoluble in water, and decomposes at so low a tem- 
perature as 25° into carbon disulphide and alcohol. 
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Thiocarbamic Acids. — Di-thiocarbamic acid, NHgCS SH, 
is formed as ammonium salt by the combination of CSg and 
NH 3 in alcoholic solution: CSg + 2 NH 3 « NH^'CS-SNH^. 
The free acid is a reddish oil which easily decomposes into 
thiocyanic acid and sulphuretted hydrogen: 

NH^ CS SH » CSNH + SH*. 

Carbon disulphide combines in an analogous manner with 
primary amines to form the amine salts of alkylated di -thio- 
carbamic acids; thus ethylamine yields ethylamine ethyl-di- 
thiocarbamate, C 2 ll 5 NH CS*SNH 3 C 2 H 5 . When such salts 
are heated above HgS is evolved and a dialkyl-thio- 

urea left behind, e.g. diethyl-thio-urea, C 8 (NHC 2 H 5 ) 2 ; when 
HgClg or AgNOg is added to their solutions, the Hg or Ag 
salts of the acids are precipitated, and these decompose on 
boiling with water into HgS or AggS and the corresponding 
mustard oil (cf. p. 312): 

2 CS(NHC,H 5 )-SAg - 2CSNC8H5 AgjS f H,S. 

Secondary amines also give rise to alkylated di-thiocarbamic 
acids, but the latter do not yield mustard oils. 

Thiocarbamide, Thio-urm, sulpho-urea, S:C(NH 2)2 (Reynolds), 
is the analogue of urea, and its mode^ of formation are exactly 
similar to those of the latter. Thus it is formed from am- 
monium thiocyanate just as urea is from the cyanate. 

To effect this molecular transformation a temperature of 
at least 130° is required, and it is only partial, as the reaction 
is reversible. At 170° equilibrium is attained after 45 minutes, 
and the mixture then contains only 25 per cent of thiocarba- 
mide (Reynolds and Wer^ier, P., 1902, 207). It may also be 
formed by the direct union of sulphuretted hydrogen with 
cyanamide : 

CN NH, + SH, - CS(NH,),. 

Thiocarbamide crystallizes in rhombic six-sided prisms, or — 
if not quite pure — in long silky needles, readily soluble in 
water and alcohol. M.-pt. 172°. It is easily hydrolysed to 
CO 2 , HjS, and 2 NH 3 . HgO abstracts H^S from it, with for- 
mation of cyanamide. Cold permanganate of potash solution 
oxidizes it to urea. As a weak base it forms salts with strong 
acids, but also yields salts with HgO and other metallic oxides; 
it also combines with salts, such as AgCl, PtCl 4 , &c. When 
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heated with alcoholic potash to 100®, it is reconverted into 
(the potassium salt of) thiocyanic acid and ammonia. 

Thiocarbamide gives rise to alkyl derivatives (normal and 
pseudo), acyl derivatives, cyclic ureides, &c., in much the 
same manner as urea itself. For structure cf. p. 319. 


E. Amidines of Carbonic Acid 


Guanidine, or Imino-carbamide, NH : C(NH2)2, {Streckefy 
1861), may be obtained by the oxidation of guanine, also by 
heating cyanamide and ammonium iodide, and therefore from 
cyanogen iodide and ammonia, CN-NHg + NH4I = CN3H5, HI. 

It is usually prepared as isothiocyanate by heating thio-urea 
with ammonium thiocyanate to 180®-190® (Volhard): 

C 8 (NHj), + NH 4 CNS « C(NH)(NHj) 8 . CNSH + 11*8. 


The perchlorate is formed by the action of ammonium per- 
chlorate on dicyanodiamide. Alkylated guanidines are formed 
by the action of an alkylamine hydrochloride on dicyanodia- 
mide, C2H4N4, Werner and Bell (J. C. S., 1922, 1790). 

Guanidine crystallizes well, is readily soluble in water and 
alcohol, deliquesces in the air, and is a sufficiently strong 
monoacid base to absorb carbon dioxide. Guanidine car- 
bonate, (CNgHglg, H2CO3, crystallizes beautifully in quadratic 
prisms. The base is readily hydrolysed, at first to urea and 
ammonia, and finally to ammonia and carbon dioxide. 

By the action of a mixture of nitric and sulphuric acids 
upon guanidine nitrate, nitro-guanidine, NH2*C(NH)NH-N02, 
is obtained, which is readily reduced to amino-guanidine, 
NH2*C(NH)NH'NH2. The latter, when boiled with alkalis 
or acids, breaks up into hydrazine^ N2H4, ammonia, and carbon 
dioxide, and it yields with nitrous acid diazo-goanidine, 
NH2C(NH)NHN:N'0H, which in its turn is decomposed by 
alkalis into water, cyanamide, and hydrazoic addy N^H (CurtiitSy 
A., 1900, 814 , 339). 

By the direct combination of cyanamide with glycoooll 
there is formed glyoocyamine: 


.NH, 

nh:o< 

^NHCH.CO,H, 



CARBOHYDRATES 


335 


which readily loses water with formation of glyoooyamidine: 


nh: 


NHCO 


NH-i.,.. 


If, instead of glycocoll, its methyl derivative, sarcosine, is used, 
creatine and creatinine are formed (Volhard): 


NH 



NH, 

NMeCH8CO,H 

Creatine 


/NHCO 


nh;c< 

Creatinine 


^NMein,. 


Creatine is present in the juice of muscle, and is prepared 
from extract of meat (Liebig), It crystallizes in neutral prisms 
(-fH20) of a bitter taste, is moderately soluble in hot water, 
but only slightly in alcohol. When heated with acids it loses 
water and yields creatinine, which is an invariable constituent 
of urine, and which forms a characteristic double salt with 
zinc chloride. 2C4H7N3O -f ZnCl2- It is a strong base and 
much more readily soluble than creatine. 

Creatinine is the methyl derivative of imino*hydantom, and 
as such jdelds, when carefully hydrolysed, ammonia and methyl- 
hydantoin. 


XIV. CARBOHYDRATES 

Most of the commoner carbohydrates wliich occur in nature 
have been known for a long time. Cane-sugar was found in 
the sugar-beet by Marggraf 'm 1747, and dextrose in honey by 
Glauber, The transformation of starch into glucose (p. 349) 
was first observed by Kirchoff in 1811. 

The name carbohydrate was formerly applied to certain 
substances which occur naturally in large quantities in the 
vegetable and animal kingdom, and which could be repre- 
sented by the general formula Cx(H20)y, where x = 6 or a 
multiple of 6, e.g. dextrose, CeCHjO)^ or CuHiaO®, cane-sugar, 
^ia(H20)u CjgHjjjjOji, and starch [C2(H20)5]j.. In addition 
to these natural products, the group at the present time 
includes a number of compounds which have only been ob- 
tained synthetically, mainly as a result of the researches of 
E, Fischer, The number of carbon atoms in these varies con- 
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siderably. Carbohydrates are now known in which the hydro- 
gen and oxygen are not present in the proportions of 2 atoms 
of hydrogen to 1 of oxygen, e.g. rhanmose 0 ^ 11 ^ 205 . 

The carbohydrates are usually divided into the three fol- 
lowing groups, according to their relative complexity; 

A. Monosaccharides. Sometimes termed Monoses. — This 
is the simplest group of the carbohydrates, and the members 
are all polyhydroxy-aldehydes or ketones containing from 3- 9 
carbon atoms. The group includes the common substances 
arabinose, C 5 H 1 QO 5 , and the isomeric compounds, CgHigO^, 
glucose or grape-sugar, and fructose or fruit-sugar. As a rule, 
the compounds are readily soluble in water, have a sweet taste, 
and do not crystallize very readily. 

B. Di-, Tri-, and Tetra-saccharides or Oligo-saccharides. — 
These compounds may be regarded as anhydrides of the 
monosaccharides, usually derived by the elimination of 1 
molecule of water from 2 mols. of the monosaccharide, of 
2 mols. of water from 3 of monosaccharide or of 3 molecules of 
water from 4 of the mono-compound. It is not necessary that 
the 2 or 3 molecules of monose should be identical in structure, 
e.g. cane-sugar is the anhydride produced by the elimination 
of 1 mol. of water from 1 mol. of glucose and 1 of fructose. As 
anhydro-derivatives they are readily hydrolysed by mineral 
acids, yielding the monoses, from which they may be regarded 
as being derived. Most of the di- and tri-saccharides are 
soluble in water, crystallize very well, and also possess a 
sweet taste. Examples are cane-sugar, maltose, and milk-sugar. 

C. Polysaccharides. — This group includes the complex 
carbohydrates, such as starch, cellulose, &c. They may be 
regarded as derived from the monoses by the elimination of 
X mols. of water from x mols, of a monose, e.g. : 

- (C.HjoOJx. 


In conformity with such a structure, they are hydrolysed, 
but not very readily, yielding as the ultimate product a mono- 
saccharide. The common ones, starch and cellulose, are 
insoluble in water, but tend to form colloidal solutions. They 
have no sweet taste, and have not been obtained in a crystal- 
line form. 
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A. Monosaccharides 


These are all open-chain polyhydroxy-aldehydes or ketones, 

OHCH,CH(OH)CH(OH)CH(OH)CH : 0 Arabiuose, 

OHCH,CH(OH)CH(OH)CH(OH)COCH,OH Fructose, 

and are divided into the two main groups aldoses and ketoses, 
according to their aldehydic or ketonic constitution. In 
aqueous solutions small amounts of the open-chain compound 
or their hydrates exist, but the compound exists mainly as a 
cyclic compound, in most cases an amylene oxide, e.g. an 
aldohexide: 

HO CHtCH OHJa CH'CHj OH.* 

( O 


As a rule, several hydroxyl groups are present in addition to 

the aldehydic or ketonic group, and invariably 

Xq / 


one of these hydroxyl groups is in the a-position with respect 
to the aldehydic or ketonic group. 

The monosaccharides are usually divided into sub-groups, 
according to the number of oxygen atoms in the molecule, e.g. : 


Trioses, 0H CH, CH(0H) CH:0 and OH CH. CO CH, OH; 
Tetroses, OHCH,(CHOH),'CH : O; 

Pentoses, OH CH, (CH OH), CH : 0 and CHj ^CH OHVCH : 0; 
Hexoses, OH CHjqCH OHVCH : 0 and 

OHCH,-(CHOH),COCH,OH; 
Heptoses, OH CH, (CH OH)j CH : 0 ; 

Octoses, OHCH,(CHOH),CH : 0 ; 

Nonoses, OHCH,(CHOHVCH : 0. 


As a rule, the molecule of any single monose contains several 
asymmetric carbon atoms, e.g. a hexose, OH*CH 2 (CH*OH) 4 ’ 
CH:0, contains 4 asymmetric carbon atoms, and hence should 
exist in 2*, i.e. sixteen distinct optically active modifications, 
in addition to eight racemic forms. In most cases all the 
possible stereo-isomeric modifications are not known, but the 
number of such compounds known has been largely increased 


• For ring structure cf. Chap. LVI, A. 
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owing to the brilliant researches of Emil Fischer (B., 1890, 
2114; 1894, 3189). 

Creneral Characteristics of Aldoses. — As aldehydes the 
aldoses possess most of the properties already described as 
characteristic of fatty aldehydes. 

They are readily reduced by ordinary alkaline reducing 
agents, yielding polyhydric alcohols; 

0H CHa (CH 0H)3 CH:0 + 2H « OH-CH2'(CH OH), OH, OH. 

When oxidized, they yield first mono- and then dibasic acids, 
confining the same number of carbon atoms: 

ohch3(choh)4Ch:o ohch3(choh)4COOH 

C00H (CH 0H)4 C00II. 

These reactions are of considerable importance as direct 
evidence of the aldehydic nature of the aldoses. The first stage 
of the oxidation is effected by mild oxidizing agents, such as 
chlorine, bromine water especially in presence of calcium 
benzoate, silver oxide, or ammoniae.al solutions of cupric salts. 
The last-mentioned reaction is the basis of the usual volumetric 
method for the estimation of glucose and other aldoses. The 
aldose solution is added to a given volume of a standard 
Fehling's solution (a solution containing cupric sulphate, 
sodium ammonium tartrate, and caustic soda (p. 289)) until 
the blue colour just disappears on boiling. An even more exact 
method is to weigh the cuprous oxide (as such, as metallic 
copper, or as cupric oxide) formed by reducing a given volume 
of the sugar solution with an excess of Fehling's solution. 
The oxidation to a dibasic acid requires somewhat stronger 
oxidizing agents, e.g. nitric acid. With nitric acid in the 
absence of air a keto-monobasic acid can be formed, e.g. from 
glucose an acid 0H CH2*(CH*0H)3*C0*C02H. Kiliani (B., 
1922, 493). 

Although the aldoses do not combine directly with ammonia 
or sodium hydrogen sulphite, they readily form additive com- 
pounds with hydrogen cyanide (cf . p. 342) : 

oh cHj(ch oh)x*ch:o -f- hcn 

- OH CH,(CH OH)x CH(OH) CN. 

They react normally with hydroxylamine especially in 
alcoholic solution, yielding oximes, which can be converted into 
monoses containing a smaller number of oxygen atoms (p. 344). 



OSAZONES 


339 


They can also react normally with phenyl«hydrazine, yield- 
ing phenyl-hydrazones, which, as a rule, are sparingly soluble, 
colourless, crystalline compounds with definite melting-points. 
These are readily transformed back into the aldoses by treat- 
ment with hydrolysing agents or with benzaldehyde (A,, 1895, 
288, 140). Substituted phenyl-hydrazines, e.g. the p-bromo- 
phenyl- or diphenyl-hydrazine, are frequently used for isolating 
and characterizing sugars. One of the most characteristic 
properties of monoses is the formation of osazones or diphenyl- 
hydrazones. This reaction may be regarded as taking place 
in three distinct stages: (a) Formation of a phenyl-hydrazone, 
X*CH(OH)*CH:N-NlIPh, in the case of an aldose, and 
X*C(:N’NHPh)-CH 2 *OH in the case of a ketose; (h) the 
oxidation of the >CH*OII or -CHg OH group in the a-position 
with regard to the carbon atom to which the hydrazi no-group 
is attached and the formation of a >CO or -CHiO group, e.g.: 

X-CO CH : N NHPh and X C( .* N NHPh) CH : O. 

This oxidation occurs at the expense of the excess of phenyl- 
hydrazine, which becomes reduced to aniline and ammonia: 

2H + CeHgNH'NH, « NH,. 


(c) The compounds thus obtained react with a further quantity 
of phenyl-hydrazine, so that a second hydrazi no-group is 
introduced, e.g. X-C(:N-NHPh)-CH:N*NHPh, and an osa- 
zone formed (E. Fischer), From the above formulae it is clear 
that the same osazone can be obtained from a ketose and an 
isomeric aldose (cf. Glucose and Fructose). These osazones are 
usually prepared by wanning a dilute acetic acid solution of 
phenyl-hydrazine with the sugar for an hour or more on the 
water-bath. The products are yellow crystalline solids with 
definite melting-points; they are only sparingly soluble, and 
are largely made use of for characterizing the various monoses. 
Methyl-phenyl-hydrazine, NMePh-NHj, yields osazones with 
ketoses, but not with aldoses, and this difference is made use 
of in the separation of the two groups of compounds (B., 1902, 
3141). The complex hydrazine di-methyl-hydrazino-di- 
phenyl-methane, CH 2 (C 0 H 4 *NMe-NH 2 )j, is often used in con- 
nexion with aldoses, as both NHg groups react, giving crystal- 
line compounds when two of the CH'OH groups adjacent to 
the CHO group have the same spatial arrangement. 



340 


XIV. CARBOHYDRATES 


The hydroxy lie nature of the aldoses can be established in 
various ways. Like all alcohols, they contain hydrogen atoms 
which can be replaced by metallic radicals. This replacement 
can be accomplished not only by means of metals themselves 
(cf. action of sodium on ethyl alcohol), but much more con- 
veniently by means of the metallic hydroxides. The most 
common derivatives are the calcium, barium, or plumbous; thus 
from glucose, calcium glucosate, CgHnOe Ca-OH, is 

readily obtained. Many of these metallic derivatives are spar- 
ingly soluble, and are therefore made use of in the isolation of 
certain sugars. They are readily transformed into the original 
sugar when decomposed by carbon dioxide in aqueous solution. 

As alcohols the aldoses also give rise to ethers; the best 
known are the mono-methyl ethers of glucose, i.e. mixed ethers 
derived from the two alcohols, glucose and methyl alcohol: 

+ CH, OH « C^HuOs OCH, -f H^O. 

These compounds are usually spoken of as glucosides when 
derived from glucose or generally as glycosides, and are closely 
related to the natural glucosides, and exist in two stereo- 
isomeric forms a and which have to be represented by cyclic 
structures : 

MeOCH-(CHOH),CHCHaOH, 
i 0 

in which the •CH(OMe)* atom is a centre of dissymmetry and 
the a and forms are due to the spatial arrangement of the 
H and OMe attached to the atom. They are both optically 
active but not enantiomorphs as the spatial arrangement of 
the 3CH-OH groups is the same in both compounds. They 
may be obtained readily by the action of dry hydrogen 
chloride on a methyl alcoholic solution of glucose {E. Fischer, 
B., 1894, 1151). (See also Chap. LVI, A.) 

Amylene oxide ring formulae corresponding with the methyl 
glucosides have been given to the hexoses: 

HO'OH(CHOH)8'CHCH,-OH. 

1 ^^0 

Carbon atom No. 1, i.e. in the terminal CH*0H, becomes 
asymmetric and hence two stereo-isomerides are possible, 
corresponding with the a and j8 forms of the methyl glucosides. 



METHYL- AND ACETYL-MONOSACCHARIDES 


341 


Comparing the acyclic I and the cyclic II structure for 
glucose: 

o A 

I HC CH(ofi) CH, OH n HO cn CH CH. OH 
HO CH CH OH HO CHCH OH 

OH 'si ♦OH, 


the difference is due to the labile H migrating to the 0 of the 
CH:0 group and a union between the carbons Nos. 1 and 5 
by the oxygen attached to 1. 

Completely methylated derivatives of the monosaccharides 
are obtained by taking the mono-methyl ethers and alkylating 
with methyl sulphate and sodium hydroxide. In this way 
pentamethyl derivatives, C^H 70 ( 0 Me) 5 , are obtained {Haworth, 
J. C. S., 1915, 8). 

As alcohols they also form esters. Thus glucose when heated 
with acetic anhydride and anhydrous sodium acetate yields 
a pentacetate or pentacetyl derivative, which can be hydro- 
lysed to acetic acid and glucose. The phosphoric esters are 
compounds of importance in biochemistry, e.g. in fermen- 
tation and in the chemistry of muscle. 

They also form well-defined condensation products with 
acetone; cf. Chap. LVI, C. 

Partially alkylated and acylated aldoses have been prepared; 
one of the common methods is to condense the aldose with 
acetone in the presence of a little hydrogen chloride {Irvine 
and Macdonald, ibid. 1915, 1706), then to alkylate or acylate, 
and finally to hydrolyse with mild hydrolytic reagents, 
so as to remove the acetone but to leave the alkyl or acyl 
groups intact {Purdie and Young, J. C. S., 1906, 1194; Irvine 
and ScoU, ibid. 1913, 564, 575; E. Fischer, B., 1915, 266; 
1916, 88). Thus: 

K tri-methyl glucose, 
tri -benzyl glucose. 

Gluooee-di -acetone yields mono-methyl glucose. 

Important acyl derivatives are those of the type of tetra- 
acetobromoglucose : 

OAcCH,CHCH(OAc)CH(OAc)CH(OAo)CHBr, 

! O I 
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which contain a reactive bromine atom, and are hence of 
great value as sjmthetical reagents (cf. Hdfcrichy A., 1926-28, 
and Chap. LVI, F.). They are formed by the action of HBr 
(and HCl) in acetic acid solution on the pentacetyl glucose. 

General Characteristics of Ketoses. — In the majority of 
their properties the ketoses resemble the aldoses, e.g, they 
react with hydroxylamine and phenyl-hydrazine in exactly 
the same manner. They form additive compounds with 
hydrogen cyanide, and are readily reduced to polyhydric 
alcohols. In certain cases the same alcohol is obtained by 
the reduction of a ketose and of an isomeric aldose, e.g. both 
d-glucose and d-fnictose yield d-sorbitol on reduction: 

XCH(OH)CH:Ox 


The ketoses diflfer completely from the aldoses as regards 
their oxidation products. As ketones they do not }deld mono- 
or dibasic acids containing the same number of carbon atoms * but 
always a mixture of simpler acids, e.g. d-fructose on oxidation 
with nitric acid yields a mixture of tartaric and glycollic acids : 

OHCH,CH(OH)CH(OH)CH(OH)|COCH,OH + 40 

- COaH CH(OH) CH{OH) CO,H -h COjH CHjOH + H,0; 

or when boiled with mercuric oxide it yields glycollic and 
trihydroxy-butyric acids : 

OHCH,CH(OH)CH(OH)CH(OH)|COCH,OH 

OH CH, CH(OH) CH(OH) CO*H + CO*H CH, OH. 

The ketoses also form metallic derivatives and acetyl deriva- 
tives. 

Alcoholic Fermentation of Monosaccharides.— Many of the 
natural products, e.g. d-glucose and d-fructose, are readily fer- 
mented by yeast (Saccharomyces), yielding as chief products 
ethyl alcohol and carbon dioxide (p. 84). This decomposition 
is undoubtedly due to the presence of an enzyme, Buchner's 
zymase, which is contained in the cells of the organism. 
Fischer's researches have shown that all monoses cannot be 


• I’hc formation of acida containing the same number of carbon atoms is 
theoretically possible, since two 'CHa*OH groups arc present, but such adds 
have not been obtained. 
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fermented, only certain of those containing 3 or a multiple of 
3 carbon atoms. Even such monoses are not all readily fer- 
mented, e.g. d-glucosc is fermented more readily than /-glucose, 
and the isomeric giiloses cannot be fermented by yeast. There 
appears to be an intimate relationship between the configura- 
tion of the monose molecule and of the ferment (enzyme) 
which is capable of decomposing it. Fischer has compared 
this relationship to that of a lock and its corresponding key, 
and Armstrong to a human hand and the corresponding glove. 

Conversion of an Aldose into an Isomeric Ketose. — This 
is an interesting transformation due to E. Fischer, and consists 
in converting the aldose into its osazone, which on hydrolysis 
with hydrochloric acid yields phenyl -hydrazine and a poly- 
hydroxy-ketonic aldehyde, usually known as an osone. When 
the osone is reduced, the aldehydo-group is converted into 
a primary alcoholic radical, and a hydroxy-ketone (ketose) 
isomeric with the original aldose is obtained, e.g.: 

X CH(OH) CH : 0 -> X-C( : N NHPh) CH : N NHPh 
I 

X CO CHjs OH X'CO CH : 0. 


By this means d-glucose can be transformed into d-fructose. 
Ssmthesis of a Monosaccharide from a Simpler Mono- 
saccharide. — The aldose is converted into its cyanhydrin by 
means of hydrogen cyanide (Kiliani): 


/OH 

X-CH(OH) CH(OH) CH .* O X CH(OH) CH(OH) CH< 

XJN. 


As this reaction involves the introduction of a further asym- 
metric carbon atom into the molecule, two distinct optically 
active nitriles will be formed. As the two compounds are 
not related to one another as object to mirror image, they will 
not be optical antipodes, and will not necessarily be formed 
in equal amount. The mixture of cyanides is hydrolysed, 
the resulting hydroxy acids converted into lactones and then 
reduced with sodium amalgam, when a mixture of two sugars 
is obtained: 

X CH(OH) CH(OH) CH(OH) CO,H -► X CH CH(OH) CH(OH)'CO 

1 0 I 

X’CH(OH)CH(OH)CH(OH)CH : 0. 
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Examples are: 


/-Arabinose - 
(-Xylose 
c(-Riboay& 
((-Glucose err 
((-Galactose - 


^(-Mannose 

(-(Jlacose. 

” ^-Ido8e 

► (-Gulose. 
rrf-Altrose 
*. cT- Allose. 

^ a-Glucoheptose 

► jS-Glucioheptose. 
^a-Galalieptose 
►^-Galalieptose . 


By similar methods E. Fischer has succeeded in preparing 
octoses and nonoses. For configuration of the latter see 
Pierce, J. Biol. C., 1915, 23, 327. Two heptoses have been 
isolated from natural products, viz. a mannoketoheptose, from 
Avogadro pear (Abs., 1917, i, 118), and sedoheptose, from the 
leaves and stems of Sedurn spectabile. 

Conversion of a Monosaccharide into a Simpler Mono- 
saccharide (Wohl, B., 1893, 730). — 1. The aldose is converted 
into its oxime, which reacts with acetic anhydride, yielding 
an acetylated hydroxy-nitrile, e.g. : 

OH CHsdCH OHh CHO OH CHjiOH OHh CH : N OH 
OAc CH^dCH UAch CN. 

The nitrile when treated with ammoniacal silver nitrate solu- 
tion loses hydrogen cyanide and yields the acetyl derivative 
of a lower monose, e.g. : 

OAcCH,[CHOAc]3CHO, 

from which the monose itself is readily obtained. 

2. Another method worked out by Ruff (B., 1898, 1573; 

1900, 1798; 1902, 2360) consists in oxidizing the aldose 

to the corresponding monobasm acid, and then oxidizing the 
calcium salt of this with ferric h,cetate and hydrogen peroxide. 
Carbonic acid is split ofi and an aldose obtained: 

OH CHj (CH OH), CH (OH) CO OH 4- O 

- OH CHafCH OHlj CHIO + H,CO,. 

The aldose can be isolated as its phenylhydrazone, and this 
with benzaldehyde yields the free aldose. 

3. A third method consists in oxidizing to the lactone of 
the monobasic acid, preparing the amide of the acid by the 
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addition of ammonia to the lactone and the action of hypo- 
chlorous on the amide {Hofmann reaction, p. 211): 

X CH(0H) CH80H X CH(OH) CO NHa 

X CH(OH)CO NHCI -> X CH(OH) N .* C .* O 

->x ch:o -f HN c:o. 

In this way rf-glucose yields rf-arabinose and d-galactose 
(i-lyxoae {Warman, Abs., 1915, i, 387; 1917, i, 546). 

Trioses. — When glycerol is oxidized with dilute nitric acid 
or other oxidizing agents, a product CgllgOa is obtained, which 
has been termed glycerose. This has been shown to consist 
of the ketone, di hydroxy acetone, OH'CHg-CO-CHg-OH, with 
a small amount of the isomeric aldehyde, glyceraldehyde, 
OH-CH2-CH(OII)*OH:0,* and may be regarded as the simplest 
monosaccharide. It is a syrup, possesses most of the charac- 
teristic properties of the simpler sugars, and when warmed 
with alkalis undergoes condensation and yields a hexose 
(a-acrose) (p. 354) which closely resembles fructose. 

Tetroses, C 4 Hg 04 . — tetrose, er3rthrose9 can be obtained 
by the oxidation of erythritol, OH*CH 2 [CH*OH] 2 *CH 2 -OH, 
with nitric acid, and is probably a mixture of an aldose and 
ketose. Other tetroses can be obtained from the pentoses by 
the general methods described on p. 344. 

Pentoses. — The pentoses are characterized by the fact that 
they yield furfural dehyde or methyl-furfuraldehyde upon pro- 
longed boiling with hydrochloric acid, water being eliminated. 
This reaction is largely made use of for their quantitative 
estimation (B., 1892, 2912; 1898, 2570). Arabinose gives 
furfuraldehyde itself, while its homologue, rhamnose, gives 
methyl-furfuraldehyde. When warmed with hydrochloric acid 
and phloroglucinol, cherry-red colorations are produced. The 
pentoses do not appear to exist free in the animal or vegetable 
kingdom, but are readily formed by the hydrolysis of various 
natural gummy carbohydrates. 

i-Arabinose. C^HioO^, = 0H CH 2 [CH 0H]3-CH:0, is pro- 
duced by boiling gum-arabic, cherry gum, or beet-root chips 
with dilute sulphuric acid, and forms prisms which dissolve 
in water to a dextro-rotatory solution. It combines with 
hydrogen cyanide, and thus yields the nitriles of two stereo- 
isomeric hydroxy-caproic acids, viz. Z-mannonic acid (Kiliani) 


• For preparation of glyceraldehyde cf. J. A. C. S.» 1914, 2223, 
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and Z-gluconic acid {E, Fischer). In addition to i-arabinose, 
a d-arabinose and a d-l- or racemic arabinose are also known. 
Tiiey are related to one another in exactly the same manner 
as d-, and r-tartaric acid. The corresponding alcohol is 
arabitol. 

^Xylose, or Wood-sugar, is stereo-isomeric with arabinose, 
and is prepared by boiling wood-gum, straw, and jute with 
dilute sulphuric acid, and is very similar to arabinose. (For 
its constitution see B., 1891, 537.) The corresponding alcohol 
is xylitol. Ribose (B., 1891, 4214) and Ljrxose (B., 1899, 1798; 
J, C. S., 1928, 1221) are stereo-isomeric with arabinose. 

Rhamnose, or Isoduhife, - CH 3 *[CH 0H]4-CH:0, 

is obtained from several glycosides, e.g. quercitrin or xantho- 
rhamnin (yellow needles, present in French berries, Rhamnus 
tinctoria, &c.), by the action of dilute sulphuric acid. It forms 
colourless crystals which contain IH^O, melts at 93°, and dis- 
tilled with sulphuric acid yields a-methyl-furfuraldehyde. 

Several isomerides of rhamnose are known, e.g. fucose from 
sea-weed, epifucose, qoinovose, rbodeose and isorhamnose. 

Hexoses. — The hcxoses constitute the most important group, 
as they contain all the more common natural monosaccharides, 
e.g. (f-glucose, d-fructose, d-galactose, &c. These occur in the 
free state in the juices of ripe fruits, and are also found com- 
bined with acids and other compounds in the ether- or ester- 
like compounds known as glycosides. They are also formed 
by the hydrolysis of more complex carbohydrates, e.g. cane- 
sugar, maltose, milk-sugar, or starch, either under the influence 
of mineral acids or of enzymes. They are sweet, and for the 
most part crystalline compounds readily soluble in* water, 
sparingly in absolute alcohol, and insoluble in ether. They 
possess the chemical properties of pentahydroxy-aldehydes and 
ketones. 

Aldohexoses. — The common aldohexoses have the constitu- 
tion represented by the formula: 

OH*CH,[CHOHh*CH : 0. 

In this formula the 4 carbon atoms contained within the 
brackets are asymmetric carbon atoms, and hence such a 
compound should exist theoretically in 2^, i.e. 16 stereo-iso- 
meric active forms in addition to 8 racemic forms, and all of 
these have been prepared. 
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Aldohexose. 

Monobasic Acid. 

Dibasic Acid 
COgHfCHORVCO^H. 

d- /-Mannose 

d- da /-Mannonic acid 

d- d' / Mannosaccharic 

d' da /-Gluooso 

d~ d: /-Gluconic acid 

d- /-Saccharic 

d- da /-Gulose 

d- da /-Gulonic acid 

d- da /-Saccharic 

d- da Z-Idose 

d- da Z-Idonic acid 

d- da /-Idosaccharic 

d- da /-Galactose 

d- da /-Galactonic acid 

i-Mucic 

d- cC? /-Talose 

d-Talonic acid 

d-Talomucic 

d‘ da /-Altroso 

d-Altronic acid 

d-Talomuoio 

d- da /-AUose 

d-Allonic acid 

Allomucio 


Alcohol. 

M.-pt. of 

Osazone. 


d- da /-Mannitol 

200® 


d- da 2-Sorbitol 

Ibid. 


d- <4? /-Sorbitol 

156® 


d- da 2-IditoI 

156® 


t-DuIcitol 

206® 


d-Talitol 

188° 


— 

183®-185® 


— 

183®-‘186° 


Of these only 4 occur naturally. 

All of these hexoses have to be represented by the flame 
structural formula, and only differ as regards the spatial 
arrangements of the various radicals within the molecule. 
All are optically active in solution, and the majority form 
pairs of optical antipodes, e.g. d- and 2-glucose, which are 
related in exactly the same manner as d- and 2-tartaric acids. 
The members of such a pair are identical as regards their 
ordinary chemical and physical properties, with the exception 
of their effects on polarized light, and their behaviour towards 
enzymes or ferments generally. As a rule, one of the two 
compounds exists naturally, e.g. d-glucose, and the second 
must be prepared by artificial means. The two are able to 
form a racemic compound, which differs as regards its physical 
properties from the active components. 

The determination of the configuration of each aldohexose 
has been accomplished by E, Fischer largely from a study of 
the following points: (a) The relationship of the aldohexose 
to the aldopentoses, e.g. I-arabinose can be transformed into a 
mixture of l-glucose and J-mannose, and hence in all three com- 
pounds the configuration of the following part of the molecule 
— OHCHj-CH(OH)CH(OH)-CH(OH) — must be identical 
(6) The nature of the dibasic acid formed on oxidation, or of 
the alcohol formed on reduction. When reduced d-galactose 
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yields an inactive hexahydric alcohol, viz. {-dukitol, and from 
this it follows that in the rf-galactose molecule the 11 and OH 
radicals must be so spatially arranged that when the -CH.'O 
group is converted into a CHj-OH group a Byriimetrical 
molecule is obtained (see formula below), (c) The nature of 
the osazone; e.g. d-glucose and rf-mannose both give rise to the 
same osazone — (f-glucosazone — and hence the spatial arrange- 
ments of the two molecules must be identical, with the ex- 
ception of the part •CII(0H)‘CH:0. 

As the result of such methods, the configurations given on 
p. 319 have been arrived at for some of the commoner aldo- 
hexoses (B., 1891, 2083; 1894, 3211). 

The actual positions of H and OH are often determined by 
conversion into d- or i-tartaric acid (p. 287). Thus d-glucose 
-> d-saccharic acid d-tartaric acid, establishes the positions 
of the OH and H grou{)s attached to C atoms 2 and 3, but 
d-saccharamide with bromine and alkali gives Z-tartaric acid, 
and thus the position of H and OH groups attached to C 
atoms 3 and 4 (formula p. 349) (BergmanUy B., 1921, 2G51). 

A clearer conception of the manner in which such argu- 
ments are used can be gathered by a study of the aldopentoses. 
Eight active forms are theoretically possible, and the d- and 
Z-forms of arabinose, xylose, lyxose, and ribose are the com- 
pounds actually known. The possible configurations are the 
four given below and their enantiomorphs : 


CHO 
HCOH 

1. H C OH 
HCOH 
CHa-OH 


CHO 
HOCH 

2. H C OH 
HCOH 
CHa-OH 


CHO 
HOCH 

3. H C OH 
HOCH 
CH.OH 


CHO 
HCOH 

4. H C OH 
HOCH 
CHjOH 


Since arabinose and ribose give the same osazone they must 
be either 1 and 2 or 3 and 4. Arabinose on oxidation gives an 
optically active trihydroxyglutaric acid, hence arabinose can 
only have the configuration 2 or 4. Further, arabinose with 
hydrogen cyanide and subsequent hydrolysis and oxidation 
gives two active dicarboxylic acids, and must therefore have the 
structure 2, as one of the acids derived in this way from 4 
would be optically inactive by internal compensation. If 2 
represents d-arabinose, then its enantiomorph represents 
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I-arabinose. As No. 2 represents rf-arabinose, No. 1 must 
represent <?-ribose. 

As xylose yields an inactive trihydroxyglutaric acid when 
oxidized, it must be represented by configuration No. 3, and 
hence lyxose is No. 4. 

Since d>arabinose when treated with hydrogen cyanide and 
the product hydrolysed and reduced yields a mixture of 
< 7 -glucose and d-mannose, it follows that in these two latter 
the spatial arrangements in the portion, 

OH CH2 Cn(OH) CH(OII) CH(OH)', 


must be identical, as showm in the constitutional formulae given 
l)eiow: 


1. CHO 

2. HO C H 

3. HO C H 

4. HCOH 

5. HCOH 

6. CH,OH 

ti-Mannose 


CHO CHO 

HC-OH HCOH 

HCOH HOCII 
HOCH HCOH 

HOCH HCOH 

CHaOH CH,0 

/-Mannose tZ-GIucosi 


CHO 

HCOH 

HOCH 

HOCH 

HCOH 

CHgOH 
fl/- Galactose 


For other methods of representing the monosaccharide 
configuration see Chap. LVI, A. 

d-Glucose, Grape- svugar or dextrose, C^IligOg -h HgO, occurs 
together with d-fructose in most sweet fruits, in honey, also 
diabetic urine. It is prepared by the hydrolysis of more com- 
plex carbohydrates, e.g. sucrose or starch. The usual method, 
the hydrolysis of starch with dilute sulphuric acid in England 
or hydrochloric acid in U.S.A., yields a commercial product 
which contains, in addition to dextrose, dextrine and unfer- 
mentable substances. The conditions are 0*5 per cent com- 
mercial sulphuric acid, temperature 110°~125® and pressure 
10-30 lb. ; subsequent neutralization with calcium carbonate, 
filtration, decolorization with animal charcoal and evaporation 
under reduced pressure. Solutions of glucose obtained by 
above process or by action of hydrochloric acid on wood 
cellulose are used for the manufacture of power alcohol by 
fermentation. 

It crystallizes from water in nodular masses made up of 
six-sided plates which melt at 86®, and from methyl alcohol 
in small anhydrous prisms free from water; m.-pt. 146®. It 
is dextro-rotatory, [aju « 52*6°, hence the name dextrose 
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A freshly-prepared solution turns the plane of polarization 
almost twice as much as one which has been kept or heated 
to boiling, a Y)henomenon which is known as bi-, multi-, or 
muta-rotation This is due to the formation of an equi- 
librium mixture of two stereo-isomeric cyclic d-glucoses in the 
solution, corresponding with the a- and jS-methyl-cf-glucosides 
in structure (cf. p. 340 and Chap. LXXI, 12). The strength 
of a solution of glucose is usually determined polarimetrically 
from its specific rotatory power, or gravi metrically by deter- 
mining the weight of cuprous oxide obtained by the reduction 
of Fehling's solution with a given volume of the solution 
(cf. p. 338). 

(i-Glucose-phenyl-hydrazone, CigHigOgNa, forms fine crys- 
tals which melt at 115^^. Another modification melts at 
144"". d-Phenyl-glucosazone crystallizes in sparingly soluble 
needles. The rotation produced by the hydrazoncs and osa- 
zones may be the opposite of that of the mother substance. 
It is an important point for the recognition of the latter. 
d-Pentacetyl-glucose, CgH 70 ( 0 C 2 H 30 ) 5 , melts at 111®. 
d-Glucosone, CH2(OH)-[CH(OH)]3*CO*CHO, forms a syrup 
which does not ferment with beer yeast, and which yields 
the osazone immediately with . phenyl-hydrazine. Methyl- 
glucoside, 

OHCH,CH(CHOH),CHOCH„ 

• I 

exists in a pair of stereo-isomeric modifications, the a 
compound melts at 165® and the P at 107®. ^Glacos6 re- 
sembles d-glucose closely, excepting that it turns the plane of 
polarization as strongly to the left as the latter does to the 
right. (j 7 -Glacose, from t-gluconic acid, is a colourless syrup. 
The osazone, d^glucosazone, melts at 216®, and, apart from 
rotatory power, is deceptively like the d- and i-osazones. 

Constitution of d-Glucose. — Its constitution as a penta- 
hydroxy aldehyde follows from the formation of a pentacetyl 
derivative, and from its oxidation first to a monobasic acid 
(gluconic acid) and then to a dibasic acid (saccharic acid), 
both of which contain the same number of carbon atoms as 
glucose. A proof both of its aldehydic nature and of the 
normal chain structure was afforded by Kiliani (B., 1886, 
19 , 767), who prepared the cyanhydrin, hydrolysed this to 
the hexa-hydroxy-carboxylic acid, and, by reducing this 



KETOHEXOSES 


361 


with hydriodio acid and phosphonis, obtained n-heptylic acid: 

0H>CH, (CH 0H)4 CH : O 0H CH8 (CH C)H), CH(0H)'CN 
CH8 (CHj), CO*H ^ 0H CHa (CH 0H)6 C02H ^ 

a product which could not have been formed if the glucose 
had possessed either a ketonic structure or an iso-chain (cf. 
Fructose). Cf. Chap. LVI, A., for ring structure. 

d-Mannose is stereo-isomeric with d-glucose, and is formed 
together with d-fructose by the cautious oxidation of mannitol, 
also by boiling the reserve cellulose of the seed of the Brazil- 
nut (Berthollctia excelsa)^ or of the seeds of the Ivory-palm 
{Phytelephas macrocarpa), with dilute mineral acid, and by 
reducing mannonic acid lactone with sodium amalgam. It 
forms colourless crystals readily soluble in water, is dextro- 
rotatory [a]i) = -f and yields the same osazone as 

d-glucose. When treated with sodium amalgam it passes 
readily into d-mannitol. The hydrazone melts at 195°, and 
is sparingly soluble in watfir. d/-Mannose forms a colourless 
syrup. The osazone is identical with that from d^fructose. 
Z-Mannose is not so readily fermented as the d-isomeride. 

d-Galactose is formed together with d-glucose by the hydro- 
lysis of milk-sugar with dilute acid, and also from certain 
gums. It crystallizes in slender needles, and melts at 166°, is 
dextro-rotatory, [a]o = +80*3°, and readily fermented. Its 
pentacetyl derivative melts at 143° (for four isomeric forms cf. 
Hidson, J. A. C. S., 1915, 1589; 1916, 1223), a-methyl-galac- 
toside at 111°, and the stereo-isomeric jS-compound at 173°- 
175°. 

Talose is a syrup. The phenyl-hydrazonc is very readily 
soluble in water (difference from galactose). 

Ketohexoses, 0 HCH 2 [CH* 0 II] 3 *C 0 CH 20 H, are struc- 
turally isomeric with the aldohexoses. As ketones they can- 
not he oxidized to acids containing the same number of carbon 
atoms (cf. p. 342). Although ketones, they can reduce alkaline 
copper solutions. The formula contains 3 asymmetric carbon 
atoms, and hence eight active stereo-isomerides are possible 
of which six are actually known. 

d-Fructose, Fruit-sugar or lamilosey C^HigOe, is almost invari- 
ably fotmd along with d-glucose in the juice of sweet fruits 
and also, together with the latter, in honey. It is formed 
along with d-glucose by the inversion of cane-sugar, and to- 
gether with d-mannose by the cautious oxidation of d-mannitol ; 
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also from d-phenyl-glucosazone, and therefore indirectly from 
d-glucose. It is most easily prepared by heating inulin (p. 372) 
with very dilute acid; is somewhat difficult to obtain crystal- 
line, and then forms hard, anhydrous, rhombic crystals melt- 
ing at 95^. It is Ifiovo-rotatory, although belonging genetically 
to the d-series, and has [a]^ = —92°. It may be separated 
from d-glucose by means of its sparingly soluble lime compound . 

Its close relationship to d-glucose is shown by the fact that 
it yields the same osazone, and on reduction yields a mixture 
of d-mannitol and d-sorbitol. On oxidation it yields glycollic 
and tartaric acids, or glycollic and tri hydroxy-butyric acids (cf. 
p. 342). With methyl-phenyl-hydrazine it yields a colourless 
osazone. It is fermentable, but not so readily as d-glucose. It 
is manufactured from inulin for the use of diabetic patients in 
the place of cane-sugar. 

Z-Fructose closely resembles d-fructose, but is dextro-rotatory, 
and as it is not readily fermented, can easily be obtained from 
dZ-fnictose, which is a syrup. 

Constitution of d-Fmetose. — The formation of acids with a 
smaller number of carbon atoms j)oints to its ketonic struc- 
ture, and this was further proved by Kiliayii, who hydro- 
lysed the cyanhydrin, and then reduced the hydroxy acid 
thus obtained with hydriodic acid and phosphorus, and 
obtained methyl-butyl-acetic acid, i.e. a branched and not a 
straight chain acid. 

yOn 

OH’CHji (CH OH)s CO CH2’OH -> 0H CH2 ((;H 0H)8'C^CN 

I Vh.oh 

yCH, I yOH 

CH3(CH2)3 CH<r 0H CH2 {CH 0H), C(;-0<K)H 

^COOH 

Its configuration as hexanepenioU2-om — -f + follows from 
its close relationship to d-glucose. 

CHO CH'OH 

d-Glucose, H-C*OH d'Fruetosc, CO 

HOC-H KOCH 

HCOH HCOH 

HCOH HCOH 

CHjOH CHjOH, 

since both yield the same osazone. For cyclic structure see 
Chap. LVI, A. 
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Other flbereo-isomeric ketohexoses are c{*tagato 6 e, obtained 
by the action of potassium hydroxide solution on rf-galactose. 
It melts at 124®, and yields the same osazone as d-galactose. 
d-Sorbose, obtained by oxidizing d-sorbitol; and l-sorbose, 
obtained as a by-product in the preparation of d-tagatose. 
J-Sorbose is required for the manufacture of the vitamine 
^-ascorbic acid (Chap. LVI, E.), and is made by the action of the 
bacillus, B, x\jlinum^ on d-sorbitol obtained by the catalytic 
hydrogenation of d-glucose. The fructoses correspond in con- 
figuration with the arabinoaes, tagatose with lyxose, and the 
sorboses with the xyloses. 

Resolution of Racemic Sugars. — One method is by means 
of d-phenylamyl-hydrazine, CgH 5 N(C 5 Hij^)'Nil 2 , separating 
the two phenylamyl-hydrazones by fractional crystallization 
and regenerating the active sugars by hydrolysis (Neuherg, 
B., 1905, 868). Another method consists in combining the 
aldose with an active mercaptan, e.g. d-amylmercaptan. 
d-Z-Arabinose reacts with d-amylmercaptan, giving a mix- 
ture of two isomerides, viz. d-arabinose-d-amylmercaptal and 
Z-arabinose - d - amylmercaptal, OH*CH2(CH OH)3*CH (SC5Hii)2, 
which can be separated by fractional crystallization from 
alcohol, in which the former is less soluble (Abs., 1916, i, 308). 

Unsaturated Monosaccharides. — Glucal, 0 gHn) 04 , is a syrup 
obtained by the following series of reactions: Acetobromo- 
glucose I reduced with zinc and acetic acid gives triacetyl- 
glucal II, the pyranose structure of which has been confirmed 
by Hirst and Woolvin (J. C. S., 1931, 1131). On hydrolysis 
with boiling barium hydroxide solution the product is isoglucal 
III, B., 1931, 158. 

I OAo-CH, CH CH(OAo)-CH(OAc) OH(OAc) CHBr 

! O I 

II AcO CH, CH CH(OAc) CH(OAc) CH : CH 

I O I 

m OH CH, CH CH(OH) CH 1 CH CH OH. 

! O I 

When reduced dihydroglucal, CgHi 204 , m.-pt. 86®, is obtained, 
and this does not show unsaturated or reducing properties 
{E. Fischer^ B., 1914, 196). Glucal has been isolated from the 
hydrolytic products of nucleic acid (Z. physiol., 1917, 100 , 
241). Other glucals are known (B., 1928, 1825), and are of 
value for synthetic purposes. Thus glucal readily yields 

(B4S0) 13 
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a-methylmannoside by the action of perbenzoic acid (p. 516). 
With cold dilute sulphuric acid glucose yields deoxyglaoose* 

CH,CH(CHOH),CHOH. 

L_0 I 

Many homologues of deoxyglucose occur naturally, e.g. deoxy- 
d-ribose. 

Synthesis of Hexoses. — Four methods have been used for 
synthesizing hexoses. 1. The polymerization of formaldehyde 
by means of lime water (0. Loew, 1886). The product was 
termed formose, but has since been shown to be a mixture of 
hexoses containing a-acrose. 2. By the addition of bromine 
to acrolein and the decomposition of the dibromide with 
barium hydroxide {E. Fischer and Tafel), Glyceraldehyde 
(Chap. IX, C.) is first formed, and this may then undergo the 
aldol condensation. 3. By the action of barium hydroxide on 
glycerose (p. 345), and hence a synthesis from glycerine. Two 
isomeric hexoses were isolated, viz. a- and jS-acroses (E. Fischer 
and Tafd, B., 1887, 1093, 3384; 1889, 97). The synthesis 
consists in an aldol condensation of the two components of 
glycerose, viz. glyceraldehyde and di hydroxy-acetone : 

OHCH,CH(OH)CHO + OHCHaCOCHj-OH 

-►OHCH,CH(OH)CH(OH)CH(OH)COCH,OH. 

Pure glyceraldehyde also yields the two hexoses under similar 
conditions, due to the conversion of part of the aldehyde 
into dihydroxyacetone. 4. By the action of alkalis on glycol- 
aldehyde, OH-CHg-CHO (p. 236; Jackson, J. C. S., 1900, 
129), a tetrose, C4H8O4, and a- and jS-acroses are formed 
and are separated by means of their osazones. The a-acrose 
obtained by these reactions has been the starting-point for the 
syntheses of most of the other hexoses. The a-acrose is con- 
verted into its osazone; this is hydrolysed to the osone, and 
then reduced to the ketose, when dJ-fructose is obtained. 
The osazone obtained from a-acrose is identical with dZ-glucos- 
azone, but as the same osazone is formed from glucose, 
mannose, and fructose, the identity of the original a-acrose 
is not established. According to Neuberg (B., 1902, 2626) 
and Schmitz (B., 1913, 2327), a-acrose is in reality di-fruc- 
tose, as it has been obtained crystalline, m.-pt. 129®-130®, and 
has been found to react with methylphenylhydrazine, which 
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does not form osazones with aldoses. Similarly it has been 
shown that jS-acrose is dZ-sorbose. Thus the primary products 
are both ketoses formed by the condensation of glyceraldehyde 
with dihydroxy acetone. Fischer and Baer {Helv., 1936, 519) 
show that 0*01 N barium hydroxide reacts with d-glycer- 
aldehyde yielding dihydroxyacetone, which then condenses 
with the d-aldehyde yielding a mixture of equal amounts of 
d-fructose and d-sorbose. No racemization of the aldehyde 
occurs before condensation. The isomeric ketoses d-psicose 
and d-vagatose are not formed and evidently there is a pre- 
ferential formation of products in which the OH groups 
attached to C atom 3 and 4 have opposite configurations. 


CHjOH 

CO 


HOC< 

Hc:o 


HCOH 

CHa-OH 


CHaOH 

CO 

Hoi^H (*) + 

HCOH 

CH,OH 

rf-Fructose 


CH,OH 

CO 

H-ilJOH 

Hoi-H 

HCOH 

CHjOH 

rf- Sorbose 


The scheme (p. 357) gives a resume of the steps involved in 
the 83 mthe 8 is of the other hexoses from a-acrose. Stoklasa 
(C. R., 1913, 156 , 646) has shown that radium emanation 
causes hydrogen to reduce carbon dioxide to formaldehyde in 
the presence of KHOO3, that the aldehyde then poly- 
merizes to a mixture of reducing sugars. 

The hexoses are reactive to alkalis and any one of the 
hexoses, glucose, mannose, fructose with dilute alkali gives an 
equilibrium mixture (cf. Chap. LVI, A.). 


B. Di-, Tri-, and Tetra -saccharides: 

Oligosaccharides 

This group comprises those carbohydrates which may be 
regarded as derived from 2, 3 or 4 molecules of a monosac- 
charide by the elimination of 1, 2 or 3 mols. of water respec- 
tively. As such anhydrides, they are all readily hydrolysed 
when boiled with dilute acids, yielding monoses, usually 
hexoses. Thus cane-sugar yields a mixture of d-glucose and 
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d-fnicbosc; maltose yields i-glucose only ; milk-sugar yields 
d-glucose and rf-galactose : Ci 2 H 220 ii + HgO ^ 2 CqHj 20 <,. 

Raffinose or melitriose is a type of a trisaccharide, and on 
hydrolysis yields melibiose and d-fnictose. The hydrolysis in 
most of these cases can not only be effected by means of acids 
but also by means of sucroclastic enzymes, e.g. diastase and 
invertase hydrolyse cane-sugar, maltase malt-sugar, See. The 
readiness with which the disaccharides are hydrolysed indicates 
a union of the 2 molecules of monosaccharide by means of 
oxygen and not of carbon. The disaccharides are thus ethereal 
anhydrides of the hexoses, e.g. cane-sugar is d-glucose-d- 
fructose anhydride, and malt-sugar d-glucose anhydride. See. 
In this anhydride formation 8 of the original 10 OH groups 
have remained intact, as the disaccharides readily yield oeta- 
methyl and octacetyl derivatives and octa-nitrates (J. A. C. S., 
1919, 235): 

2C^H,0(0n), - [C,H,0(0H)4]*0 H,0, 

As a rule, 2 stereo-isomeric octa-acetyl derivatives are 
obtained from each disaccharide (Hudson and Johnson^ ibid. 
1915, 1270, 1276), and these are related in much the same 
manner as a- or jS-methyl glucosides (Chap. LVI, F.). 

As milk-sugar and malt-sugar both reduce Fehling's solution, 
it is highly probable that they still retain a CHO group of one 
of the component monose molecules. And as cane-sugar is 
not a reducing sugar, it probably contains no carbonyl group. 
The chief difficulty in assigning structural formulse to the 
disaccharides is to determine the oxygen atoms which take 
part in the anhydride formation, and to determine with 
certainty which of the 4 stereo-isomeric forma of a particular 
monosaccharide (e.g. a, y, S glucose) has taken part in 
the anhydride formation. For details see Chap. LVI, B., 
and LXIX, D. 

The compounds possess for the most part a sweet taste, and 
crystallize more readily and are more stable than the mono- 
saccharides, but resemble the latter in solubility. They are 
not directly fermentable, but can be fermented after hydro- 
lysis to monosaccharides. All those which occur naturally 
are optically active. 

Cane-sugar or Sucrose, Saccharobiose, Ci2H220ii, occurs in red 
beet (Beta) 16-20 per cent, in the sugar-cane (Saccharum) 
14-26 per cent in the juice, in the sugar-maple (Sorghum), 



Fermented with yeast. Reduced. 



U7 


Reduced. 

d-Galactose. 
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together with invert sugar in the mahua flower {Bassia lati- 
folia), and in many other plants, chiefly in the stem. 

Preparation. — (a) From sugar-cane by expressing the juice 
and evaporating it until crystallization begins, (b) From 
sugar-beet by a systematic extraction of the pulp with water, 
e.g. by the “ diffusion process The impure juice is tlien 

treated with lime (“ defecation the excess of the latter 

thrown down by carbon dioxide (“ saturation ”), and the syrup 
filtered through animal charcoal, and evaporated in vacuo to 
crystallization. From the mother-liquid of molasses the crys- 
tallizable sugar still present can be obtained as the sparingly 
soluble strontium saccharate, SrO, which is then 

suspended in water and decomposed by carbon dioxide (“ de- 
sugarizing of molasses ”). The molasses are frequently used 
as a source of power alcohol (pp. 88 and 349). 

Cane-sugar crystallizes in large monoclinic prisms, as is well 
seen in sugar-candy, and is soluble in one-third of its weight of 
water. It is not turned brown when heated with potash, and 
yields saccharates with lime and strontia, e.g. C 12 H 22 O 11 + CaO 
-f 2 H 2 O; C22H220ii + 2CaO; C 22 H 22 O 21 -t 3CaO. Concen- 
trated sulphuric acid produces charring (difference from 
(Z-glucose). Cane-sugar melts at 160°, and remains in the 
amorphous condition for some time after cooling (barley- 
sugar); when heated more strongly, it becomes brown from 
the formation of caramel or sugar-dye, and finally chars. 

The percentage of sugar in a solution of unknown strength 
can be determined from the specific rotatory power ([a] — 

+ 66*5°) by measuring the angle (a) through which the plane 
of polarization is turned when a ray of polarized light is passed 
through a layer of the solution of known length. 

It is readily hydrolysed by acids, and this process is com- 
monly spoken of as the inversion of cane-sugar, and the pro- 
duct as invert sn^rar. These names are due to the fact that 
the hydrolysis is accompanied by a change in the optical 
activity of the solution. The solution of cane-sugar is dextro- 
rotatory, but after hydrolysis (or inversion) it becomes IsBvo- 
rotatory, as d-fructose is more strongly Isevo- than d-glucose is 
dextro-rotatory. 

Sucrose itself does not reduce Fehling^s solution, but after 
inversion readily reduces. This would indicate that in the 
anhydride formation the aldehydic gfbup of d-glucose and the 
ketonic group of d-fructose have been destroyed. The con- 
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Btitutional formula suggested by E. Fischer (B., 1893, 2405), 
but since modified by Haworth (cf. Chap. LVI, B), is: 


OHCHaCH(OH)CH[CHOHVCHO- 

I O I 



This formula readily accounts (a) lor the formation of an 
octacetyl derivative (m.-pt. 67°) and an octamethyl ether; 
(6) for the absence of all reducing properties; (c) for the 
readiness with which it can be hydrolysed, since the two 
hexose molecules are united by means of an atom of oxygen; 
(d) for the non-formation of a hydrazone. For stcueochemical 
configuration of this and other disaccharides cf. Chap. LVI, B. 

Milh-sugar or Lactose, Lactobiose, Ci2H220ii -f H 2 O, occurs 
in milk of most animals, and only occavsionally in the vegetable 
kingdom. Cow’s milk contains about 4 and human milk 6-8 
per cent. It is obtained by evaporating the whey formed in 
cheese manufacture. It crystallizes in hard rhombic prisms, 
and is much less sweet than cane-sugar, and aLso much less 
soluble in water. It is converted into ‘‘ lacto-caramel” at 180°. 
It .shows muta-rotation (p. 350), reduces FeMing^s solution, 
yields an osazone and gives an acid containing the same 
number of carbon atoms, and hence contains the CHO group. 
The anhydrous sugar occurs in a and j8 forms. 

Maltose or Malt-sugar, Maltobiose, Ci2H220ij + HgO, is 
formed by the action of diastase upon starch during the ger- 
mination of cereals (preparation of malt). It forms a hard 
white crystalline mass, very similar to grape-sugar, and 
strongly dextro-rotatory -f 137°. It reduces Fehling's solution, 
but only to about two-thirds the extent to which d-glucose does. 

Lactose and maltose resemble one another very closely, and 
are probably stereo-isomeric. Since they both possess reduc- 
ing properties, yield hydrazones, cyanhydrins, and can be 
oxidized to monobasic acids containing the same number of 
carbon atoms, it is obvious that they must contain an alde- 
hydo-group, and the following structural formula is assigned 
to both: 


HOCH,* 


• ‘ ‘ CH,OH*“’‘* * 
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Lactose and maltose are not fermentable until after hydro- 
lysis. Certain micro-organisms contain an enzyme lactase 
which hydrolyses the former, and it is then fermented by 
yeasts. Aiter hydrolysis it can be converted into lactic acid 
by certain species of bacteria, and is fermented by a fungus 
(Kephir) to alcohol and carbon dioxide. Maltose is hydrolysed 
by the enzyme maltase. 

In the formation of the lactose molecule it is the CHO 
or potential CHO group of the galactose which is utilized, 
as on oxidation lactobionic acid, CjaHoaOia, is formed, and 
when hydrolysed this yields galactose and gluconic acid. 

Revertose is the name given to the disaccharide obtained by 
Croft-Hill (J. C. S., 1903, 580) by the synthetic action of 
the enzyme maltase on d-glucose. It has [aj^ == -f 91*5°, 
and yields an osiizone melting at 173° (corr.). It may be 
identical with Fischer's isomaltose (E. F. Armstrong, P. K. S., 
1905, 76, B., 592). 

Cellobiose or Cellose is a disaccharide, Ci2H220ii, obtained 
by incomplete hydrolysis of cellulose (this Chap., C.) by means 
of acetic anhydride and sulphuric acid, in the form of its octa- 
acetate, m.-pt. 228°~229°. Yield 50 per cent. The sugar itself 
obtained by hydrolysing the acetate with alcoholic potash 
forms a colourless crystalline powder practically insoluble in 
alcohol or ether. It reduces Fehling's solution, exhibits muta- 
rotation, has [aji, = 4-34*6°, is not fermented by yeast, and 
on hydrolysis with acids yields d-glucose. It is hydrolysed by 
maltase, and by an enzyme contained in apricot kernels and 
termed cellase. Its osazone melts at 208°-210°, and bromine 
water oxidizes the sugar to cellobionic acid. 

Gentiobiose is a reducing disaccharide obtained by incom- 
plete hydrolysis of the tri-saccharide, gentianose, with 0*2 
per cent sulphuric acid or invertase. It melts at 190°-195°, 
has a bitter taste, and shows muta-rotation ; the final value is 
[a] 4 9*8°. It is not fermented by yeast. 

Trehalose, C^2H22^ii» ^HgO, is a non-reducing sugar found 
in fresh moulds and in manna. It is non-reducing, and has 
[a]r> = 4197°, and on hydrolysis it yields d-glucose. 

Isomaltose was obtained synthetically by E. Fischer (B., 
1895, 3025) by the condensing action of hydrochloric acid on 
glucose. It is non-fermentable and yields an osazone with 
m.-pt. 150°. 

Melibiose, Ci2l^s!20ix, 2 H 2 O, one of the hydrolytic products 
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of rafEnose when dilute acids or top yeasts are used, is a 
reducing sugar, is less sweet than cane-sugar, exhibits muta- 
rotation, [aju == 4-143°, and on further hydrolysis yields 
d-glucose and d-galactose. Its osazone melts at 178°-179°. 

Several disaccharides derived from d-glucose and d-galactose 
have been synthesized from d-aceto-chloro-glucose -f d-galac- 
tose, and from d-aceto-chlor-galactose and d-glucose (B., 
1902, 3145). 

Others have been synthesized by enzymes (cf. Chap. 
LXIX, D3) Bourquelot has obtained gentiobiose, cellobioses 
and mannobiose and galactobiose. 

Disaccharides derived from condensed hexose and pentose 
molecules are also known (B., 1898, 537 ; 1900, 2091 ; Bull. 
Soc., 1911, 9 , 38, 84, 147). 

Rafi&nose or Melitriose, CigH320i<, 4- 5 H 2 O, is found in the 
sugar-beet, and therefore in molasses, in the manna of the 
eucalyptus, and in cotton-seed cake, &c. It resembles cane- 
sugar but is tasteless, is strongly dextro-rotatory, and does not 
reduce Fehlim/s solution. When inverted, it yields in the first 
instance d-fructose and melibiose, the latter then breaking 
up into galactose and d-glucose, 

Gentianose, CigHgjOig, is present together with cane-sugar 
in the fresh root on Gentiana lutea; it melts at 207°-209° (corr.), 
has [a]i, 4- 31-5°, it does not reduce FeMing's solution, and on 
hydrolysis yields gentiobiose and d-fructose, and finally 
fructose, glucose, and galactose. 

Stachyose, C^H 4202 i, 4JH2O, which is found in the roots 
of Stachys tuberifera and of several Labiatice, and in Ash manna, 
is an example of a tetra-saccharide. Anhydrous, it melts at 
170° and has [ajp = -f 149°. Invertase, maltase, or acetic acid 
hydrolyse it, yielding d-fructose and manninotriose, and on 
further hydrolysis the latter yields d-galactose (2 mols.) and 
d-glucose (1 mol.). 


C. Polysaccharides 

The empirical formula of the members of this series is 
CjHjjjOg, but they, all possess a much higher molecular weight, 
e.g. (CgHioOg)!!. They are for the most part amorphous and 
tasteless, insoluble in alcohol and ether; a few are soluble in 
cold water, but the majority not; thxis cellulose is insoluble 

( B 480 ) 13 • 
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and also mucilage, the latter merely swelling up with water, 
while starch forms a jelly with hot winter. When boiled with 
dilute acids or subjected to the action of enzymes, they are 
hydrolysed to mono- or disaccharides, generally to hexoses, 
e.g. C,H,oOs -h HgO = CgHigOg. The formation of pentoses 
is frequently to be noticed in this decomposition. 

They must therefore be regarded as anhydrides of the mono- 
saccharides. The hydrolysis proceeds in stages and inter- 
mediate products, such as cellose in the case of cellulose and 
dextrines and maltose in the case of starch, have been isolated. 

Although the polysaccharides are compounds of fundamental 
importance in the synthetic processes taking place in the living 
plant tissue, until recently very little was known about their 
constitution. The majority form colloidal solutions, and only 
very rough approximate molecular weights can be determined. 
They still contain free hydroxyl groups as they form esters 
with nitric and acetic acids, and ethers with methyl sulphate. 
The monosaccharide units which take part in the formation 
of these complex carbohydrates are: d-glucose, d-fructose, 
d-mannose, d-galactose, /-arabinose, Z-xylose, and fucose. The 
investigations on the polysaccharoses have, to a large extent, 
been limited to studies of their hydrolysis, and, as they are so 
widely distributed in the vegetable kingdom, to the discovery 
of new commercial methods of utilizing them. 


Cellulose 

This name has been given to a variety of different products 
from the vegetable kingdom. There are the celluloses proper, 
the compound celluloses, and the hemicelluloses. 

The cellulose proper is met with in cotton-wool, linen, and 
Swedish filter-paper, and is best obtained by extracting filter- 
paper or cotton-wool successively with caustic potash, hydro- 
chloric acid, water, alcohol, and ether. When air-dried it 
forms a white amorphous powder containing 6-8 per cent of 
moisture, which can be removed by gently warming under 
reduced pressure. At 150® cellulose begins to decompose, and 
when subjected to destructive distillation gives combustible 
gases, acetic acid, acetone, phenol, furfuraldehyde, and other 
products. When cellulose or starch is distilled under reduced 
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pressure at 200°~300®, appreciable amounts of j3-glacosan, I 
(with m.-pt. 179'^ [a]i> ~ 66*2°), 


( 8 ) 

HOCHCHCH, (6) 

I I 6 6 

HO CH CH CH OH <i) 

( 8 ) ( 3 ) 


< 4 ) ( 5 ) 

HOCHCHCH,OH( 


n 


I X 

HOCHCHCH 


Y 


a) 


are formed; this can also be obtained from the glucosides of 
ConifercB, and cellulose is probably a condensation product 
derived from this (PiM and Saradin, C. R., 1918, 166, 38). 
Isomeric with this )3-compound is the a-glucosan II (m.-pt. 
108° and [a]D -* 69-8 obtained by heating a-glucose in a 
vacuum). They are both anhydrides of glucose and contain 2 
oxide rings, the a-compound in position 1 : 2 and 1 : 5 and the 
)?-compound in 1 : 6 and 2 : 5. 

Cellulose is insoluble in the ordinary reagents, but dissolves 
in an ammoniacal solution of cupric oxide {Schweitzer's Re- 
agent), and is reprecipitated on the addition of acids, alkalis, 
or salts. (Cf. Artificial silk.) It also dissolves in a concentrated 
solution of zinc chloride. In the manufacture of Willesden 
goods the fabric is treated with zinc chloride solution so that 
only the surface fibres are attached and made waterproof. 
With iodine it gives a yellow or brown coloration, but in the 
presence of concentrated sulphuric acid a blue colour is 
developed. A simple glucose anhydride, C^HioOg, cellosan, 
which is soluble in water is formed when cellulose triacetate 
is heated with naphthalene at 235° and acetyl groups subse- 
quently removed. From lichnin acetate an isomeric lichnosan 
is formed. 

Parchment-paper is unglazed paper which has been im- 
mersed for a very short time in concentrated sulphuric acid 
and then thoroughly washed; the acid transforms a superficial 
layer of the cellulose into amyloid. Hydrolysis with sulphuric 
acid gives first cellodextrins (cf. Starch dextrins), then a di- 
saccharide cellobiose (p. 360), and finally d-glucose. Cellulose 
also gives a blue colour with a solution of iodine in zinc chloride 
and potassium iodide solution. It is usually estimated by Cross 
and Bevem^s method, which consists in converting all other 
materials into soluble products by means of moist chlorine, 
then washing thoroughly and weighing the dried cellulose. 

The following are the more important cellulose deriva- 
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tives, many of which are of considerable commercial value: 
Cellulose hydrates. These are products which closely 
resemble cellulose in composition, do not possess reducing 
properties, but are extremely hygroscopic. An important 
representative of this class is mercerized cotton, obtained by 
the action of cold, concentrated (15-25 per cent) sodium 
hydroxide on cotton. It is characterized by the readiness 
with which it can be dyed. Hydrocelluloses, obtained by 
the action of cold, concentrated acids, or by boiling with 
acetic acid containing 2 per cent of sulphuric acid, still 
retain their fibrous structure but are readily ground to a 
powder; they are less hygroscopic than cellulose and have 
pronounced reducing properties. Oxycelluloses are products 
formed by the action of oxidizing agents on cellulose. They 
dissolve in dilute sodium hydroxide solution, yielding golden- 
yellow solutions, have strong reducing properties, and appear 
to contain reactive carbonyl groups, and react with phenyl- 
hydrazine. They give a red coloration with aniline, and are 
less stable and more reactive than the celluloses proper. When 
boiled with hydrochloric acid they yield furfuraldehyde, 
which can be estimated by means of phloroglucinol. This 
reaction is used not merely for detecting but for estimating 
oxycelluloses. The oxycelluloses are widely distributed in 
nature, usually in the form of compound celluloses. Thus 
they are present in the celluloses from woods and lignified 
tissues generally, and are the chief constituents of the cellu- 
loses from cereal, straws, and esparto. According to Henser 
and Hang (Z, Angew., 1918, 31, 99, 103, 172), straw cellulose 
is a mixture of normal cellulose and pentosans, and is not a 
natural oxycellulose. It is highly probable that the substances 
termed cellulose hydrates, hydrocelluloses, and oxycelluloses 
are not chemical entities but mixtures of different products. 

Cellulose gives rise to a peroxide when treated with bleach- 
ing powder, acidified ammonium persulphate, ozone, or other 
oxidizing agents. This is destroyed by treatment with sodium 
thiosulphate. 

Cellulose is not normally digested m the human system but 
can undergo fermentation by means of certain species of 
bacteria. Certain species present in the intestines of Herbivora 
tend to form methane and fatty acids, and others hydrogen, 
but in both cases carbon dioxides and fatty acids (acetic and 
butyric) are also formed {Langwill, C. and I., 1932, 988). 
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Industrial Applications of Cellulose 
and its Derivatives 

Cellulose in the form of the cotton- and flax-fibre is the 
basis of the cotton and linen industries, and the paper industry 
is also based upon the use of cellulose: in the pure form as 
filter-paper and in the crude form as wood-pulp. 

Large quantities of wood-pulp or sawdust are used for pro- 
ducing power alcohol {Bergins, C. and I., 1933, 1045) by first 
hydrolysing with 40 per cent HCl to glucose and then ferment- 
ing. 

High-class rag paper is made by treating flax or cotton 
(rags, cotton waste, &c.) with dilute caustic soda, under pres- 
sure, and then bleaching, orginally sun bleaching or, subse- 
quently, bleaching with chlorine or bleaching powder. Such 
paper is very resistant, and when care is taken in using high- 
grade rags and careful washing to remove acid, can be pre- 
served for centuries without deterioration, particularly in 
temperate climates. For printing purposes the moist paper ie 
sized, e.g. with sodium resinate or alum, and is finally treated 
with gelatin to make the surface less porous. 

The object of the treatment with alkali and also of the 
bleaching agent is to remove or bleach the non-cellulose con- 
stituents in the original fibre, as these are much more readily 
attacked than the cellulose proper. 

With the increase in the demand for cheap paper other raw 
materials, e.g. esparto grass, straw, bamboo and wood-pulp 
have been introduced, and the result has been a considerable 
deterioration in the quality of paper and in its keeping pro- 
perties. This is explicable when it is remembered that esparto 
cellulose is largely an oxycellulose which is far less resistant 
to chemical action than a true cellulose, and that mechanical 
wood-pulp contains all the lignin of the original wood. 

Chemical wood-pulp is now usually made by digesting the 
disintegrated wood with calcium bisulphite under pressure. 
The bisulphite produces a disintegration of the lignin; after 
removal from the autoclaves the pulp is washed, bleached, and 
again washed, and is then ready for conversion into paper. 
High-grade paper is now usually made from a mixture of rags 
and chemical wood-pulp. 
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By-products are now obtained from the waste sulphite 
liquors. These can be evaporated and the residue subjected 
to destructive distillation for the production of acetone, 
methyl alcohol, &c., or they can be fermented by a special 
species of yeast and ethyl alcohol isolated (1 per cent of volume 
of liquor). (Cf. JohnseUy J. S. C. I., 1918, 129, T.) 

Sodium sulphate mixed with sodium sulphide is also used 
for treating wood-pulp under pressure, and the product known 
as “ sidphate pulp ” is largely used in Scandinavia for manu- 
facturing stout packing papers known as “ Kraft paper 

Cellulose Esters. — ^As a polyhydroxy compound cellulose 
yields esters such as acetates, nitrates, &c. 

The acetylcelluloses, or cellulose acetates, are of industrial 
value and are manufactured from mill waste or purified saw- 
dust by treatment with acetyl chloride and zinc chloride or 
acetic anhydride and an acid. As esters they are readily 
hydrolysed to cellulose and acetic acid. They are used for 
photographic films, lacquers, plastics, collodion, and for arti- 
ficial silk (rayon). 

The nitrates, so-called nitrocelluloses, are made by the 
action of nitric and sulphuric acid on waste cellulose, and are 
not nitro-compounds but nitrates as they are hydrolysed to 
cellulose and nitric acid. Several products are known, differ- 
ing in the amount of nitrogen present which varies with the 
concentration of the acids and the temperature used. In the 
manufacture it is necessary to remove all traces of acdd by 
careful washing, otherwise the products decompose when 
kept. These esters form the basis of the collodion, celluloid, 
pyroxylin, gun-cotton, and artificial silk industries. 

Pyroxylin, Oun-<^tton and Rayons. — Pyroxylin is a nitro- 
cellulose containing 11 ’2-144 per cent of nitrogen and corre- 
sponding with 4 nitro-groups, and is the material utilized in 
making cellulose lacquers, paints and enamels, and is mixed 
with a plasticizer (e.g. tri-cresylphosphate) and a solvent such 
as butyl and amyl acetates, acetone, methyl ethyl ketone, 
butyl alcohol and often a gum or resin. Collodion with 10*8 
per cent of nitrogen is used in medicine, &c., in the form of its 
solution in alcohol and ether (1 : 7). When mixed with camphor 
or certain phenolic ethers it forms ordinary celluloid, which is 
used for making toilet articles, accumulator cases, hand-rails, 
cutlery handles, &c. It is also the basis of nitro-cellulose films 
and rayons. For making artificial silk the solution is forced 
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from copper vessels through a fine orifice into water, when the 
fine threads are hardened, stretched, dried, wound, and then 
denitrated by treatment with ammonium sulphide or cuprous 
chloride and hydrochloric acid {Chardonnd process, 1883). 

Other methods consist in (a) the use of cellulose acetates 
obtained by the action of acetic anhydride and a mineral acid 
on cellulose. The solution of the acetate in acetone is squirted 
into alcohol through small holes, 0*005 to 0*002 inch diameter 
(about 9 per cent of total rayon manufactured), (b) The use 
of a solution of cellulose in ammoniacal cupric oxide, and 
forcing the solution through small holes into dilute acid 
[Pauly, 1897). (c) Use of viscose. Viscose [Cross and Bemn, 
1892) is the sodium salt of cellulose xanthate. High-grade 
sulphite wood-pulp or very short fibre cotton fibre is allowed 
to swell by treatment with sodium hydroxide solution, and is 
then shaken with carbon disulphide. Its solution in water 
forms a gelatinous mass which can be moulded. When ex- 
posed to the air it shrinks and hardens to a horn-like mass. 
It is used as a substitute for glue, celluloid, horn, ivory, &c. 
When used for the manufacture of artificial silk it is necessary 
to })urify it; this is done by acidifjdng with a weak acid 
(acetic or lactic), precipitating with alcohol or brine, and 
washing. About 88 per cent of the world’s rayon is made by 
this process. Attempts have been made to “ animalize ” 
viscose, i.e. to impart some of the properties of wool. One 
method consists in mordanting with quaternary ammonium 
compounds which are absorbed and then form lakes with the 
dye. Another is to incorporate casein (Chap. LXVII) with the 
fibre, and a third is to treat the fibre with a material which on 
heating forms a basic resin in or with the cellulose. Greater 
strength can be imparted to viscose fibre by stretching in the 
plastic condition (Tenasco fibre). Viscoid is a mixture of viscose 
with clay or zinc oxide, and sets to an extremely hard mass. 

Cellulose Ethers.’*' — Two cellulose ethers used in industry 
are the benzyl and ethyl obtained respectively by the action 
of benzyl and ethyl chlorides on cellulose. They are not 
readily hydrolysed and are extremely water resistant. They 
are used in the lacquer, plastic and film industries. 

• The Manufacture cf Artificial Silk (Rayon)^ E. Wheeler, London, 1938. 
Technoloi^ of Celluloet Ethers ^ Warden, 3 vols., New York, 1933. Plastics 
from CeUulote Materials, C. and I., 1933, 341. 
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Compound Celluloses 

These comprise the natural products in which the cellulose 
molecules are united to those of a different type and include 
ligno-celluloses, pecto-celluloses, muco-cclluloses, adipo«cel- 
luloses, and cuto-celliiloses. 

The ligno-celluloses are compounds of lignin or lignone, 
C19H22O9, and cellulose, and are met with in jute and in 
most woods or lignified tissues of perennial stems. It is prob- 
able that the non-cellulose portion of the molecule consists of 
a cyclo-hexenedione. 

In the pecto- and muco-celluloses the non-cellulose con- 
stituents are colloidal forms of carbohydrates or allied deriva- 
tives, hemi-celluloses, which are easily hydrolysed to pectin or 
pectic acids, and these readily gelatinize. The main flax fibre 
consists of pecto-celluloses, as does China grass or rhamie. In 
the adipo- and cuto-celluloses the cellulose is associated with 
fatty and waxy compounds of high molecular weight. The 
best-known representative is cork in which the cellulose is 
combined or mixed with cutin and suberin which appear to be 
glycerides of complex acids such as stearo-cutic. (For rafia see 
Cross and Bevan, J. S. Dyers, 1919, 86, 70.) 

The hemi-celluloses (C. and I., 1932, 968), or reserve cellu- 
loses are anhydrides of monosaccharides ; they are not soluble 
in water but are readily hydrolysed by dilute mineral acids, 
to soluble monosaccharides, and in this respect differ from 
the celluloses proper. These products are usually mixtures 
containing rf-mannose, rf-galactose, i-arabinose, i-xylose, and 
occasionally d-fructose and d-glucose. 

They are present in cell walls, and in seeds, especially in 
the husks of shells, e.g. peas, vetches, coffee beans, date stones. 

Their main function is to serve as reserve cellulose, and 
during germination of the seed they are used up. Examples 
of hemi-ceUuloses are mannane, paramannane, galactane, &c. 


Starch or Amylum 

This is present in the leaves of all assimilating plants, and 
is formed from carbon dioxide and water in sunlight under the 
influence of chlorophyll present in the chloroplasts of the cell. 
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It appears to be the final stage of synthesis, soluble sugars 
are first formed, most of these are transferred by the cell sap 
to the different parts of the plant for building up plant tissues 
and only the excess sugar is transformed into starch (Brown 
and Morris, J. C. S., 1893, 633), which is never present in large 
quantities in the leaves. In the absence of sunlight the starch 
in the leaves is hydrolysed to sugars (maltose) by the aid of 
the enzyme diastase, and passes into the sap, and is hence 
known as transitory starch. The great bulk of the starch is 
always found in the food reservoirs of the plant, e.g. rhizomes, 
tubers, and seeds; it is known as reserve starch, and it is from 
such sources that starch is always manufactured commercially. 
The starch in these reservoirs is built up from soluble sugars, 
probably sucrose (Brown and Morris), in the absence of carbon 
dioxide and simlight by means of the leucoplasts of the cell, 
and numerous authorities have shown that some of the lower 
forms of plant life which are devoid of chlorophyll, e.g. Spiro- 
gyra rmxirna, Bacillus coli, can synthesize starch from such 
materials as sucrose, dextrose and glycerol, and in the absence 
of carbon dioxide certain forms of Algae can make use of 
formaldehyde-bisulphite for synthesizing sugar. It is possible 
that there are slight differences between the starch of cereals 
and that of tubers; one of the differences being the mode of 
combination of the small amount of phosphorus present. 

It forms a white, velvety hygroscopic powder, consisting of 
round or elongated granules built up of concentric layers around 
a nucleus or hilum, and the form and size of the granules 
vary considerably with starches from different sources. The 
granules of canna, potato, banana and sago starch are the 
largest, usually about 60/x, those from lentil, acorn, maize, and 
wheat are intermediate, and those from certain millets, oat and 
rice are the smallest (about 15p.).* In wheat starch the granules 
are nearly spherical and the hilum in the centre, those of the 
potato are egg or oyster shaped, with an eccentric hilum at the 
small end of the granule, and those from rice and maize are 
polygonal. 

Potatoes contain 16-20 per cent of starch, wheat 60-65, 
maize 65, and rice 76-80. Arrowroot is obtained from the 
rhizomes of species of Maranta of the West Indies, and also 
from the root-stocks of Curcuma angustifolia in the East Indies. 

• For photo*microgrtphs sec p. 92, Enyon and Isaac’s Starch (H^ffcr), 
192$. 
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Sago is derived from the pith of the sago palm {Sagus lasvis), 
and tapioca is prepared from the tubers of the cassava (Ma?iikot 
utilissima) of the tropics. 

Both the granules of starch and its jelly are coloured an 
intense blue by iodine and bright yellow by bromine. The 
colour of the iodide of starch vanishes on heating, but reappears 
on cooling. The coloration is used as a delicate test for traces 
of iodine or of starch. Ordinary air-dried starch contains some 
10-20 per cent of water, some of which can be removed by 
heating to 105*^. 

Starch is insoluble in cold water, but when heated with 
water the granules swell and burst, forming a viscid opalescent 
liquid, starch paste, which sets to a stiff paste when cold. The 
temj)erature at wliich the change occurs is known as the tem- 
perature of gelatinization and vaiies from 55°~85°, and if the 
paste is allowc/d to stand for several days under aseptic con- 
ditions it gradually becomes more opaque and yields a deposit 
of amy loses. This is termed reversion and can be accelerated 
by acids or more particularly by the enzyme amylocoagulase. 

Very little of a definite nature is known about the structure 
of starch although much work has been done on the subject. 
It is a carbohydrate complex and undergoes processes of 
hydrolysis when, (a) boiled with dilute sulphuric acid; 
{b) heated to a moderate temperature; (c) subjected t-o the 
action of a malted grain, e.g. l>arley, i.e. to the action of the 
enzyme diastase. C, O'SvUivan (J. C. S., 1872, 579; 1876, 
125) showed that the products of diastatic fermentation are 
maltose and dextrin, and that the proportion of maltose in 
the product decreases as the temperature of conversion is 
raised above 63°. According to Brown^ Heron^ and Morris 
(1879, 596), malt extract at room-temperature converts starch 
paste into 80-9 parts of maltose and 19*1 parts of dextrin, and 
the same change occurs at all temperatures to 60°. The inter- 
mediate dextrins were investigated by Brovm and Morris (1885, 
527 ; 1889, 449, 462), and by Brown and Milla/r (1899, 286), 
Various views have been held as to the nature of the inter- 
mediate products and even of the final products. Idntner and 
DiilVs view (B., 1893, 2533) that Fischer's iso-maltose (p. 360) 
is one of the final products is incorrect, the product being an 
impure maltose {lAng, C. and I., 1937, 346). 

Maquenne and Roux (C. R., 1905, 140 » 1303) claim that 
starch is a mixture of two substances amylase (a-amylose) and 
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amyhpectin (jS-amylose), the former in the interior portion of 
the granule and the latter in the envelope. The amylose, 
obtained by reversion, or by heating starch with water under 
pressure and cooling, gives no coloration with iodine in the 
solid state, is not readily attacked by diastase, and is scarcely 
soluble in water at 120°; if, however, it is heated with water 
under pressure at 150° it dissolves fairly readily; the solution 
can be filtered, gives a blue coloration with iodine and is com- 
pletely converted into maltose by malt extract at 56°. It is 
probable that the amylose and amylopectin are not homo- 
geneous (1908, 146, 542). Schryver and Thomas (Bio. J., 1923, 
17, 497) have found that certain starches contain small 
amounts of hemicelluloses, and according to Ling and Nanji 
(J. C. S., 1923, 2666), the ratio of amylose to amyloj)ectin is 
constant and equal to 2 : 1, although their absolute percen- 
tages may vary according to the proportion of henii cellulose 
in the starch. 

For the results of methylation of starch see Irvine and 
MacdonaU (J. C. S., 1923, 898; 1924, 942; 1926, 1502). 
According to Samcc and VonHoefft{K.o\\., 1912, 132; 1913, 141; 
1914, 23, 291), amylopectin owes its characteristics to the 
presence of a phosphoric acid complex. The amylopectin is a 
calcium salt and the first action of acid is to liberate the free 
complex acid which then undergoes hydrolysis, liberating 
phosphoric acid. The amount of phosphorus present is so 
small that if the phosphoric acid forms an integral part of 
the amylopectin molecule the latter must be at least 70,000. 

Uses of Starch. — Starch is an important constituent of 
human food, and its hydrolysis to glucose and final oxidation 
to carbon dioxide and water supplies much of the heat 
required to maintain body temperature, 

C^HijOe + 60, -> 6CO, + 6H,0 677 Cal.. 

and to supply energy for muscular work. Wheat starch was 
used in the middle ages in the laundry and for stiffening 
fabrics, and in the eighteenth century for powdering the hair, 
and in this century potato-starch was introduced. In the 
nineteenth century the industry developed in an amazing 
manner, and both maize and rice were utilized as sources. 
Starch is used in the sizing of paper, as an adhesive in the 
manufacture of paste-boards, and in very large quantities in 
making sizes for treating cotton yam before it is woven into 
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cloth, the objects being to bind loose threads, to strengthen 
the yarn, and to hold weighting materials such as china clay. 
The amount of size incorporated in the yarn varies enormously 
in different grades, and the starch mainly used is wheat and 
then potato. Starch, soluble starch and dextrin are also largely 
used for finishing the woven cotton fabric. Starch and dextrin 
are used as thickeners in colour printing on cotton as they 
serve to increase the viscosity of the dye solution. Very large 
quantities are used for dressing and finishing fabrics after 
laundering. It is also used as a constituent in custard powders, 
ice-cream powders and toilet powders, and is the source from 
which large amounts of glucose and dextrin are manufactured 
(for manufacture of starch and starch products, soluble starch, 
dextrins and glucose cf. Eynon and Lane, Chap. VI-XI). 

Soluble starch is formed (a) by leaving starch in contact 
with cold mineral acids, (6) by heating starch with glycerol, 
(c) by boiling starch with water containing a little sulphuric 
acid, (d) by the action of diastase on starch. Prolonged treat- 
ment with mineral acids converts starch into dextrins and 
maltose and finally into d-glucose (Daish, J. C. S., 1914, 2053, 
2065; for detailed study of action of acids see Nanji and 
Beazley, J. S. C. I., 1926, 215, T.). Ordinary diastase or amylase, 
a )5-diastase, converts starch finally into dextrins and maltose, 
whereas takadiastase, which contains the enzyme maltase in 
addition to an a-diastase, yields d-glucose as final product. 
(Davis and Daish, Abs., 1914, ii, 588. Cf. Baker and Hvlton, 
J. C. S., 1914, 1529; W, A. Davis, J. S. Dyers, 1914, 30, 
249). Saliva and pancreatic juice also hydrolyse starch. 

Licbenin, or Moss starch, present in many lichens, e.g. in 
Iceland moss (Cetraria islandica), is coloured a dirty blue by 
iodine; and inulin, present in the tubers of the dahlia and in 
the roots of chicory (Inula Helenium), is coloured yellow by 
iodine and converted into d-fructose when boiled with water. 

Glycogen, or Animal starch. Diver starch, is present, e.g. in the 
livers of the mammalia, and is of great importance in animal 
metabolism; cf. Chap. LXIX, E. It is a colourless amorphous 
powder which is turned wine-red by iodine; after the death 
of the animal it rapidly changes into d-glucose, the same 
conversion being effected by boiling with dilute acids, while 
enzymes transform it into maltose. For preparation from 
yeast see Harden and Young, J. C. 8., 1912, 1928. 

Dextrine, or Sta/rch gum, is a comprehensive name applied to 
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intermediate products obtained in the transformation of starch 
into maltose and d-glucose. It may be prepared (a) by heating 
starch either alone or with a little nitric acid, or, even better, 
in a vacuum at 120 '^ over P 4 O 10 ; (b) together with d-glucose by 
boiling starch with dilute sulphuric acid; and (c) together with 
maltose by the action of diastase on starch. The dextrines 
are soluble in water, and are precipitated by alcohol. They 
are often named according to their reaction with iodine, 
e.g. amylo-dextrine blue, erythro-dextrine red, and achroo- 
dextrine no colour, and this order represents their relative 
complex structure, arnylodextrin is nearest to starch and 
achroodextrin to maltose. They do not reduce Fehling's 
solution even when warmed, and are not directly fermentable 
by yeast but only after the prolonged action of diastase, 
glucose being formed as an intermediate product. 

Synthesis of Carbohydrates {Baly, C. and I., 1932, 276; 
Photosynthesis, E. C. G. Baly, London, 1940. — The sugars are 
extremely important from the point of view of plant physiology. 
The plant absorbs carbon dioxide and water, and with the aid 
of sunlight is capable, in the presence of cldorophyll, of trans- 
forming these into glucose and even more complex carbo- 
hydrates, such as starch, and oxygen, equal in volume to the 
carbon dioxide used, is evolved. Various speculations have 
been made with regard to the manner in which these complex 
compoimds are formed. Baeyer has suggested that the carbon 
dioxide is first reduced to formaldehyde, and this then poly- 
merizes as in Loew's experiments, yielding carbohydrates, 

CO, H OC (H,C : O), > 

For many years the important link in this chain, viz. the 
reduction of carbon dioxide to formaldehyde, was missing; 
the reaction could not be accomplished in the laboratory. 
Fenton has shown (J. C. S., 1907, 687) that when carbon 
dioxide is passed into water in which sticks of magnesium are 
immersed, a small amount of the gas is reduced to formal- 
dehyde, especially in the presence of ammonia or phenyl- 
hydrazine. Lob has also found that moist carbon dioxide 
yields formaldehyde under the influence of the silent electric 
discharge (Zeit. Elec,, 1905, 745; 1906, 282). 

More recently Moore and Webster (P, R. S., 1914, B., 163, 
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556; 1918, B., 168) have proved that this reduction takes place 
in ultra-violet light (from quartz lamp) and Baly, Heilbron and 
Barker, who have made a more detailed study of this reaction 
(J. C. S., 1921, 1025) draw the following conclusions: (1) An 
aqueous solution of carbon dioxide gives formaldehyde when 
exposed to light of very short wave-length, and this aldehyde 
is polymerized to reducing sugars in light of slightly longer 
wave-length; (2) In the presence of sodium phenoxide or 
metallic salts such as ferric chloride or uranyl nitrate the 
aldehyde is formed but does not undergo polymerization; 
(3) The photosynthesis of formaldehyde can be photocatalysed 
by certain basic coloured substances, e.g. colloidal uranium 
and ferric hydroxides, malachite-green or methylorange, and 
the synthesis then takes place in visible light. The polymeri- 
zation can be photocatalysed in a similar manner; (4) Carbo- 
hydrates, glycerol, acetone, &c., when exposed in aqueous 
solution to ultra-violet light yield formaldehyde and reducing 
sugar, and an equilibrium is established between sugar, formal- 
dehyde and carbon dioxide. Chlorophyll appears to be an 
ideal photocatalyst for both stages of carbohydrate synthesis 
from carbon dioxide and water. 

The synthesis of glucose from carbon dioxide and water is 
an endothermic reaction, 

6CO. + 6H,0 + 677 Cal. CeHjsO, + 00„ 

and the energy required is obtained by the absorption of light 
of suitable wave-length from sunlight. 

Grafe (B., Bot. Ges., 1911, 29, 19) has shown that green 
seedlings can grow in an atmosphere containing 1*3 per cent 
of formaldehyde in the absence of carbon dioxide, and numerous 
authorities have proved the presence of small amounts of 
formaldehyde in assimilating leaves. 
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The compounds which have been dealt with in Chapters I to 
XIV are derivable from the homologous hydrocarbons CjjH2n4-2» 
CnH2n_2, by the exchange of hydrogen for halogen, 
hydroxyl or oxygen, aruidogen, carboxyl, &c.; and may l.)e 
described as methane derivatives. 

As nearly all these compounds have open-chain formulas, 
they are spoken of as open-chain compounds, acyclic compounds 
or aliphatic compounds. 

In addition to this first class of organic compounds there 
is a second class, viz. the closed-chain compounds. The old 
classification was into aliphatic or methane derivatives and 
aromatic or benzene derivatives. The expression “ aromatic ’’ 
is historical, but no longer justified by facts, since compounds 
of agreeable as well as unpleasant odour are to be found in 
both classes. The members of this second class which are 
derivable from the hydrocarbon benzene, (and also from 
more complicated hydrocarbons such as anthracene, naph- 
thalene, &c., which are themselves derivatives of benzene), just 
as the methane derivatives are from methane, are designated 
benzene derivatives. 

Later investigations led to the discovery of numerous cyclic 
compounds which cannot be regarded as benzene derivatives. 


e.g. 



ch:ch. 

1 >S, &0. 

ch:ch/ 


and hence the modern classification of the cyclic compounds is 
into: 

A. Carbooydio, Alicydic, or Isocyclic.~~In all these com- 
pounds the ring or closed chain is composed entirely of carbon 
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atoms. The carbocyclio compounds are usually divided into: 

(i) Polymethylene derivatives or naphthenes. 

(ii) Benzene derivatives or aromatic compounds, including 
the allied compounds naphthalene, anthracene, &c. 

B. Heterocyclic Compounds. — In these compounds the 
closed ring is formed partly of carbon atoms and partly of 
atoms of other elements. Well-known examples are: 


ch:ch, 

ch:ch 

ch:ch 

ch:ch 


(furane), 


•NH (pyrrole), 


OHICHv 

CH : 


(thiophene). 


CH.'CH 

CII-^ (pyridine), <feo. 


When a closed ring compound is formed from an aliphatic 
compound it usually contains 5 or 6 atoms forming the ring 
as there is, as a rule, less strain in such rings. This has already 
been illustrated in the formation of anhydrides from dibasic 
acids (Chap. X, A.), and in the formation of lactones from hy- 
droxy acids (Chap. IX, A.) and of cyclic ethers (Chap. VIII, A.). 
Substituents in open-chain compounds often favour ring for- 
mation, thus methyl-succinic and -glutaric acids form anhy- 
drides more readily than the parent acids. Similarly with the 
formation of lactones and cyclic ethers (cf. Mills, Thorpe’s 
Die., Supp. II, 452). The presence of end groups and their 
polarities often determine the formation of a closed ring, e.g. 
l-chlor-6-aminohexane can give a 6-membered ring (6C 4- IN). 
As a rule 5-membered rings are formed more readily than 6 
in the case of anhydrides and lactones, but the opposite is true 
with the oxide form of the monosaccharides (cf. Chap. LVI, A.). 


XVI. POLYMETHYLENE DEKIVATIVES: CYCLO- 
PARAFFINS 

For summary of early work see Perkin, J. C. S., 1929, 1347. 
The hydrocarbons consist of three or more methylene groups 
united together to form closed rings. The specific names in- 
dicate the number of such groups, e.g. : 
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•<S<- 

*CH_ 

.-in. 


(trim ethylene), 


XHjCH, 

CH5,<; I (pentamethylene), 

\CH, 


CH,CH, 


(tetramethylenc), 



(hcxamethylene). 


The systematic names for these compounds are cyclopro- 
pane, cyclo-butane, &c., although the compounds are isc meric 
with the olefines, and have the same general formula, OjjHgji. 
The above names indicate the fact that the compounds are in 
a sense saturated. The systematic nomenclature for deriva- 
tives is similar to that used in the aliphatic series. Thus, 

CH^ / is termed cyclo-pentene, \ is 

cyclo-pentanone, CH^ \ is cyclo-A^-pentene-4-one, 

X;H2-C(K 

and COgH-CH^^ /CHj is cyclo-A*'hexene-4-one-l-acid. 


Relative Stability of Polymethylene Compounds. — The sim- 
plest member is dimethylene (ethylene), which is the least 
stable of all the polymethylenes and forms additive com- 
pounds with great readiness. The majority of trimethylene 
derivatives are relatively unstable; to a certain extent they 
resemble ethylene oxide, and are capable of forming additive 
products by the rupture of the ring, e.g. bromine slowly 
transforms trimethylene under the influence of sunlight into 
triraethylene dibromide, Br-CHg-CHg-CHg-Br. 

In certain reactions where only cyclo-propane derivatives 
might be expected, a mixture of both cyclo-propane and 
-butane compounds is formed (J. C. S., 1899, 48; 1901, 729, 
1921,1582; 1925,387). 

Tetramethylene derivatives are somewhat more stable, and 
ponta- and hexa-methylene derivatives are quite stable and 
show little or no tendency towards the rupture of the molecule. 

Reduction by Sabatier and Senderens* method (Chap. XLIX, 
A.), using hydrogen in presence of finely divided nickel, converts 
trimethylene into propane and tetramethylene into butane 
{Willsmter and Bruce, B., 1907, 3979, 4456). When, however, 
the 7 and 8 C-ring systems are reduced ring degradation occurs 
(Chap. XXXIV), thus cyclo-heptane yields a mixture of methyl- 



378 


xvr. CYCL0PARAFFIN8 


cyclo-hexane and dimcthyl-cyclo-pentane, and cyclo-octane 
yields dimethyl-cyclo-hexane (B., 1908, 14^). These facts are 
in harmony with Baeyer's tension theory. If the four valencies 
of the tetra valent carbon atom are assumed to be symmetrically 
distributed in space around the carbon atom, it is found that 
ring formation in the case of a cyclo-propane derivative can 
only take place by the exercise of a considerable strain in the 
molecule, viz. a deflection of +24° 44'; hence when the ring 
formation is completed there is considerable tendency for it to 
spring apart or rupture at some point. With penta- and 
hexa-methylene compounds, on the other hand, it can be seen 
by the aid of models that little strain is required to complete 
the ring formation, cyclo-pentane +0° 44' and cyclo-hexane 
— 5° 16', and thus the rings when once formed are relatively 
stable. For larger rings, e.g. Suberone with C 7 and rings con- 
taining 20 or more C atoms, see Chap. XXXIll. 

The number of carbon atoms constituting the ring is not 
the only factor which determines the ease of formation of a 
ring system or its relative stability when once formed. Rings 
containing a quaternary carbon at/om are difficult to form, and 
when once formed are relatively unstable, a phenomenon well 
illustrated by a comparison of ethyl cyclo-propane - 1 : 1 -dicar- 
boxylate and the isomeric 1 ; 2 -dicarboxylate (Goldsworthy and 
Perkin, J. C. S., 1914, 2665; Kenner, ibid. 2685). 

A good illustration of the different ways in which a com- 
plex cyclo-propane derivative can undergo fission is met with 
in ethyl 2-phenyl-3-benzoyl-l : l-dicarboxylate: 


/CHPh 


COPh. 


Nascent hydrogen opens the ring between C atoms 1 and 3, 
yielding products of the type (C 02 Et) 2 CH-CHPh CHa‘C 0 Ph; 
alkyl oxides, ammonia and amines produce a fission between 
atoms 1 and 2 , so that compounds of the type (C 02 Et) 2 CH* 
C(COPh):CHPh are formed, and lastly, halogen ^dndes dis- 
solved in glacial acetic acid attack the union between atoms 
2 and 3 , and also that between 1 and 2 , yielding respectively 
(a) and ( 6 ) (KoMer, J. A. C. S., 1917, 1404, 1699, 2405): 

(a) CHPhBrO(CO,H)»‘CH, COPh or CHPhBrC(CO,H), CH : OPh OH, 

(b) CHPhBrCH(COPh) CH(CO,H)„ 
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and these by the loss of COg and HBr yield respectively the 
.ClI:CPh 

lactone, CHPh:C<; | , and the unsaturated acid, CHPh: 

\C0‘0 

C(C0Ph)CIIg-C02H. 

The cyclo-hexane compounds are the commonest as they are 
the hydrogenation products of benzene and its derivatives. 
The partially reduced benzene derivatives, e.g. tetrahydro- 
phenol, dihydrobenzene, <fec., are frequently referred to as 
hydroaromatic compounds and are discussed with the benzene 
compounds. 


GENERAL MpyniODS OF FORMATION 


1. By the a-ctifm of sodium on dihalogen derivatives of the 
paralTins (Freund). The two halogen atoms must not be 
attached to the same or to adjacent carbon atoms. 

.CH.Br /CH, 

CHj/ -f 2Na - 2NaBr + CH/ I 

CH,CH*Br CIla-CH, 

I -f 2Na “= 2NaBr + 1 I 

CHjCHaBr CHjCHa. 


2. Acids and their esters can be obtained by the conden- 
sation of ethyl sodio-malonate wdth ethylene di bromide and 
other dihalogen derivatives {W. H. Perkin^ Jun.): 

CTIaBr CH^s 

I -f Na,C{CO,Et), « 2NaBr + I >C(COaEt)a, 

CHjjBr CH/ 


and the ester on hydrolysis yields trimethylene-dicarboxylic 
acid. Ethyl acetoacetate may be substituted for the malonate. 

3. By the action of halogens (bromine, or preferably iodine) 
on the sodio-derivatives of certain esters, e.g. sodio-derivative 
of ethyl butane-tetracarboxylate (W. H. Perkin, Jun.): 

CH,CNa(CO,Et). CH*.C(CO,Et), 

CHg-CNa(CO*Et), * CH,*C(CO,Et),. 


4. By intramolecular pinacone formation. Just as ketones 
on reduction yield pinacones: 

(CHa), c:0 . _ ^ (CH,),C OH 
(CH,),0:0 (CH,),COH 
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(of, p. 2fi0), so certain diketones on reduotion yield cyclic 
pinacones, i.e. dihydric alooholg derived from the polymethy- 
lene hydrocarbons: 


CH 


< + 2H 

XJHaCOCHj 


(JjJ, C'(0H) CH3 

CH/ 

X^H,C(()H)CH3. 

1 : 2-I)imethyl-l : 2-dihydroxy- 
cyclo-pentiine 


5. A number of ketones derived from the polymethylenes 
have been obtained by the dry distillation of the calcium salts 
of the higher dibasic acid.s of the oxalic series (J. Widicefius), 
e.g. calcium adi])ate yields keto-pentamethylenc: 

CHa-CH.-COa CHjjCHa. 

I - CaCOg -f I 

CHaCHa'COO^^ CH,*CH/ 


and this can be reduced to pentamethylene. The constitution 
of the keto-derivative follows from the fact that on oxidation 
the ring is ruptured and glutaric acid is formed. Keto- 
hexamethylene and keto-hei)tamethylene, suberone, have been 
obtained by similar methods, but the yields arc poor. Ketones 
containing 16 or even 30 carbon atoms in the ring arc formed 
by using thorium salts of dibasic acids of high molecular weight 
(Helv., 1926, 249, 499, cf. Chap. XXXIII). 

6. Hexamethylene compounds are often obtained by the 
catalytic reduction of benzene derivatives with nickel as 
catalyst (cf. Chap. XLIX, A.). This is a method of commercial 
importance as the following products obtained by this method 
are commercial solvents; cyclohexanol (sextol) from phenol, 
methylcyclohexanol from cresol, and these on oxidation yield 
respectively cyclohexanone (sextone) and methylcyclohexanone 
(sextone B), Sextate is cyclohexanyl acetate. 

7. Ring closure with formation of a 6-membered ring often 
occurs with certain dienes and olefinic alcohols. Examples 
are the conversion of geraniolene, CMeaiCH-CHj’CHg’CHMe: 
CHj, by means of sulphuric, acid into a and cyclogeraniolenes, 



and the conversion of linalool and geraniol into the terpene 
alcohol terpieneol (Chap. LVII, A.). In the last case it is 
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essential that the olefine link and OH group shall be at opposite 
ends of the chain (Hibbit and Linstead, J. C. S., 1936, 470). 

General Properties , — On the whole these compounds resemble 
the paraffins and not benzene as regards their chemical properties, 
hence the names cyclo - pentane for pentamethylene, cyclo- 
hexane, &;c. Thus nitric and sulphuric acids tend to oxidize. 
Prolonged action of fuming sulphur 6w;ids tends to dehydro- 
genate and yield benzene derivatives (A., 1923, 433, 350). 

The trimethylene compounds, however, resemble the ole- 
fines, e.g. (a) they can combine with bromine to form additive 
compounds; {h) they are slowly oxidized by permanganate. 
In neither of these reactions do they take part so readily as 
the simpler olefines, and in all cases the products obtained are 
formed at the expense of the rupture of the ring. 

The fact that the majority of the hydrocarbons of this series 
resemble paraffins indicates that the mere closing of the ring 
does not affect to any considerable extent the properties of 
a compound (cf. Benzene). 

In their chemical properties the compounds closely resemble 
the corresponding derivatives of the paraffins, e.g. the acids 
resemble to a large extent the fatty acids, yielding salts, esters, 
acid chlorides, amides, &c. 

The structure of a cyclo-hexane compound is often proved 
by an examination of the products formed on dehydrogenation 
(Chap. XLIX, C.), with Se or even with excess of bromine and 
AlBrg. With Se an aromatic hydrocarbon is formed and with 
bromine a bromo-derivative of a benzene hydrocarbon. In these 
changes any alkyl substituents are unaffected. 

Isomerism, (a) Position Isomerism. — No examples of iso- 
merism have been met with in the case of mono-substituted 
derivatives, e.g. only one tetramethylenecarboxylic acid is 
known. Position isomerism can occur in the case of di- and 
poly-substituted derivatives, e.g. tetramethylene-l : l-dicar- 
Doxylic acid and isomeric 1 : 2 and 1 : 3 acids. 


(CO.H), 


a 

.OH, 




IH. 


1 : l«Dicarboxylic acid 


CO,HCH<^ )>CH, 

1 ; 2>Dicarboxylic acid 


CO,H CH<^***Vh CO.H. 
\CH/ 

1 : S-Dicarboxylic acid 
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The number of isomerides possible in each case can be worked 
out by the student (cf. Benzene Derivatives). 

(6) Stereo«*isomerism. — In the tri-, tetra-, and penta-methy- 
lenes the C atoms lie on one plane and half the hydrogens in a 
plane parallel to this, and the other half in a third plane parallel 
to the other two. In cyclo-hexane it has been suggested that the 
ring is buckled so that all 6 C atoms are not in the same plane. 
But physical properties and examination of numbers of iso- 
merides point to the planar configuration. Certain di-substi- 
tuted derivatives have been found to exist in isomeric forms 
which are structurally identical. These must therefore be 
stereo-isomeric. Some of the simplest examples of this stereo- 
isomerism are met with in the dibasic acids. For example: 

Tetramethylene-l : 2-dicarboxylic acid exists in two iso- 
meric forms. In both acids the 2 CO 2 H groups are attached 
to the carbon atoms 1 and 2, and the only difierence is in the 
relative spatial relationships of the groups. If the plane of 
the paper represents the plane in which the centres of gravity 
of the four carbon atoms of the ring lie, the possibilities are: 



(I) That the two COgH groups lie in the same plane either 
above or below that of the paper (the cis acid) ; and (II) that 
the two COgH groups lie in Afferent planes, one above and one 
below that of the paper (the tram acid). As a rule, the cis acids 


yield inner anhydrides, e.g. 


/CO 


more readily than 


the stereo-isomeric tram acids, and the ais acids are generally 
transformed into the corresponding tram acids when heated 
with hydrochloric acid at 190® {Perkin, J. C. 8., 1894, 672). 

A simple method of depicting these isomerides is due to 
Aschan (B., 1902, 3389). The plane of the carbon atoms 
of the ring is represented by a straight line. The unsubstituted 
hydrogen atoms are not denoted, only those which have been 
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replaced by substituents. It has been found that the symmetry 
of such projections corresponds with the symmetry of the 
molecules projected. For the ds dicarboxylic acids, for example, 
if COgH = X, we have: 

(I) cis, X X (II) tram. X (III) X 

X X 

The ds compound (I) has a plane of symmetry, whereas 
the trans compound (II) has not, only an axis of twofold sym- 
metry so that corresponding with (II) is a third isomeride, 
which stands in the same relationship to (II) as an object 
to its mirror image, or as d- to Mactic acids. Both should 
therefore be optically active (one d and the other I to the 
same extent), and should be capable of combining to yield 
a racemic compound. All the trans compounds prepared arti- 
ficially are optically inactive, and are presumably therefore 
racemic compounds of (II) and (III), and a few, e.g. trans tri- 
methylene- 1 : 2-dicarboxylic acid and the tricarboxylic acid, 
have been resolved into optically active components by means 
of quinine (B., 1905, 3102). 

Cyclo-pentane-1 : 2 : 3-tricarboxylic acid (Perkin and Robin- 
son, J, C. S., 1921, 1392) exists in two meso forms, viz. ds- 
trans-ds and ds-ds-ds and a racemic form, ds-trans-trans, 
which can be resolved by brucine. 


XVII. BENZENE DERIVATIVES. INTRODUCTION 

Benzene, which belongs to the group of hydrocarbon 
CjjHgn-e, is much poorer in hydrogen than the paraffins, 
and the same holds good for its derivatives relatively, e.g. 
benzoic acid, C7He02, with heptoic acid, C7H14O2, and aniline, 
C6H7N, with ethylamine, C2H7N, &c. 

The hydrogen atoms of benzene are, like those of methane, 
replaceable by numerous types of radicals. By the entrance 
of halogens, halide substitution products are formed, by the 
entrance of NH2, aromatic bases, of OH, phenols, of NOg, 
nitro-compounds, and of CHj, &c., the homologues of benzene; 
there are, in addition to these, aromatic alcohols, aldehydes, 
acids, &o. 
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These benzene derivatives are in some respects analogous 
in their properties to the corresponding methane derivatives; 
they exhibit, however, characteristic properties of their own 
(see this Chap., A.). There exist mono- di-, tri-, &c., sub- 
stituted benzene derivatives according as 1, 2, or more 
hydrogen atoms are replaced by the various radicals ; 
thus, for instance, toluene, CeH5*CH3, and chloro-boiizene, 
C3H5-C1, are mono-derivatives, dimethyl-benzene, CgH4(CH3)2, 
and dichloro-beiizene, 0^114012, di-derivatives, and so on. It is 
not necessary that the substituents should be the same, so 
that innumerable compounds are known containing various 
substituents, e.g. 0H*CgH4‘N02, nitro-phenol; CgH4Br-S03H, 
bromobenzene - sulphonic acid; CH3-CgIl3(N02)2, dinitro - 
toluene. 

All the derivatives of benzene can be converted either into 
benzene itself or into very closely allied compounds by rela- 
tively sirnple reactions. Thus all the carboxylic acids of ben- 
zene (benzoic, phthalic, mellitic, &c.) yield benzene on dis- 
tillation with lime, w'hile other acids, such as salicylic, evolve 
CO2 and yield phenol; the last-named compound is converted 
into benzene when distilled with zinc dust. The homologues 
of benzene are converted by oxidation into benzene-carboxylic 
acids, which yield benzene when heated with lime. 

TJie relationship of a benzene derivative to its mother substance 
is therefore a very simple mie. 

This circumstance is one particularly worthy of note, since 
the atomic group is comparatively complex and cannot 
readily be transformed into a simpler hydrocarbon containing 
5 , 4 , or 3 carbon atoms; when oxidized, which is a matter of 
difficulty, it yields carbonic or similar simple organic acids. 

The relationships are such that it is comparatively easy to 
pass from one group of derivatives to another, e.g- the NOg 
group is readily convertible into NH^, and the latter is re- 
placeable by halogen, hydrogen, and hydroxyl; the halogen 
is also replaceable by methyl, carboxyl, &c. 

As a ^e, the group of 6 carbons with the hydrogens is 
spoken of as the benzene nucleus , and all substituents are 
spoken of as side chains. Thus in CgHfi^ CHO, C0H4* (CH3) 2, 
CgHg-NHg the radicals underlined are the side chains. 
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A. Characteristic Properties of Benzene 
Derivatives 

In many chemical properties benzene and its derivatives 
differ markedly from the paraffins or unsaturated open-chain 
hydrocarbons. 

1. The aromatic hydrocarbons and their derivatives are 
readily attacked by concentrated nitric acid, yielding nitro- 
derivatives: 


CeH.-iiT'rn'o' Nr), - 11,0 ^ Ceii.-xo,. 


Certain of the higher paraffins also yield nitro-derivatives 
when heated with nitric acid (p. 105). 

2. Sulphonic acids are readily formed by the action of con- 
centrated or fuming sulphuric acid: 


-f oii: so, OH « h,o + CeH,-so, oH. 


This tyi)e of reaction is never met with in the aliphatic series. 

3. The homologues of benzene differ from the paraffins 
especially as regards oxidation; while the latter are only 
attacked with difficulty by oxidizing agents, the former are 
readily converted int/O benzene-carboxylic acids: 

CeH. GH, C,H, CO,H. 

4. The halogens chlorine and bromine can react with ben- 
zene in two distinct ways: (a) yielding substituted derivatives, 
e.g. CgHg + Brg ^ CgUgBr -f HBr, or (b) yielding additive 
products, e.g. C^HeBr^. Of these the process of substitution 
is the more important. 

5. The halogen compounds C^H^X are chemically less 

active, and the hydroxyl compounds, e.g. 0 ^ 115 ( 011 ), are of 
a more acidic nature than the corresponding fatty bodies. 
The phenyl radical, is therefore more acylous or 

negative in character than the ethyl, CgHg. 

6. Diazo-compounds are far more common in the aromatic 
series than in the aliphatic. 


( B 480 ) 


14 
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B. Isomeric Relations 

1. Hexane can give several isomeric mono-substituted 
derivatives, e.g. a, y-chlorohexanes ; benzene yields only one 
mono-derivative, e.g. only one chlorobenzene CgllgCl. The 
six hydrogen atoms of benzene thus possess an equal value, or 
are similarly situated within the molecule. This is not merely 
an empirical law, but one which has been proved experimentally. 

PROOF OF THE EQUAL VALUE OF THE SIX 
HYDROGEN ATOMS 

Let the 6 H atoms be designated as a, 6, c, d, e, and / re- 
spectively. 

(1) Phenol, CgH 5 (OH), whose hydroxyl may have replaced 
the H atom a, can be converted into bromo-benzene, CgH^Br, 
and this latter into benzoic acid, CgH5(C02H). The carboxyl 
in the latter has therefore also the position a, i.e. it has re- 
placed the H atom a, 

(2) Three hydroxy-benzoic acids, CeH4(0H)(C02H), can 
either be prepared from benzoic acid or converted into it; 
their carboxyl therefore has the position a, and consequently 
their hydroxyl must replace some one of the other H atoms, 
be it 6, c, or d. 

(3) Each hydroxy-benzoic acid can be decomposed, yielding 
carbon dioxide and ordinary phenol, CgH^OH: 

CeH,(OH)(CO,H) == CeH,(OH) + 00,. 

And since the latter compound contains the hydroxyl in 
position a, according to (1), while the hydroxyl in the hy- 
droxy-benzoic acids replaces the H atoms 6, c, and d, it follows 
that the hydrogen atoms a, 6, c, and d are of equal value. 

(4) For each H atom, i.e. each substituent X in a com- 
pound CgHjX, there are present two pairs of symmetrical 
hydrogen atoms, i.e. pairs of which either the one or the other 
atom may be replaced by any given radical without difierent 
substances resulting (p. 387). But the atoms of such a pair 
caimot both be present in the positions a, 6, c, and d, as in 
this case three hydroxy-benzoic acids could not exist. It must 
therefore be the remaining H atoms e and / which are respec- 
tively in positions symmetrically situated to two of the former, 
and which are therefore of equal value with them, i.e. c «= c, 
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f — h. Since, however, a ** 6 c «= e?, it follows that all the 
6 hydrogen atoms are of equal value (Ladenburg, B., 1774, 1684). 

2. With di-substituted derivatives of benzene it has been 
found that in each case three distinct isomeric forms exist. 
The two substituents may be alike, or they may be dis- 
similar, e.g. three dichloro-benzenes, C0H4CI2, three diamino- 
benzenes, Cen4(NH2)2, three dimethyl- benzenes, C^H4(CH3)2, 
three hydroxy-benzoic acids, CgH4(0H)(C02H), are known. 
In no case have more than three such isomerides been found. 

It can be shown that with respect to each H atom of ben- 
zene, e.g. for a, two pairs of other H atoms, e.g. 6 and /, c and e, 
are symmetrically situated, so that it makes no difference 
whether, after a is replaced, the second substituent replaces 
the one or the other of the symmetrically placed hydrogen 
atoms, say b or /. According to the above notation, there- 
fore, ab ^ afy and oc == oe. On the other hand, the com- 
binations ab and ac are not equivalent, but represent isomers; 
the combination od, the only remaining case, represents the 
third isomer. 

PROOFS THAT FOR EVERY H ATOM (a) TWO OTHER PAIRS 
OF SYMMETRICALLY LINKED H ATOMS EXIST 

1. According to Hubner and Petermann (A., 149 , 129; cf. 
also Hubner, -A., 222, 67, 166), the (so-called meta-) bromo- 
benzoic acid, which is obtained by brominating benzoic acid, 
and whose Br atom may be in position c and COgH in posi- 
tion a, yields with nitric acid two nitrobromo-benzoic acids, 
CflH3Br(N02)(C0aH), the NOg being, say, in positions b and/. 
These are both reduced by nascent hydrogen to the same (so- 
caUed ortho-) amino-benzoic acid, CeH4(NH2)(C02H), the NO2 
being here changed to NHg and the Br replaced by H. Since 
the same amino- benzoic acid is formed in both cases, notwith- 
standing that the nitro-groups must be in the place of different 
H atoms, say b and /, from the fact of the two nitro-acids 
being dissimilar, it follows that 6 and /must be arranged sym- 
metrically as regards the H atom a, i.e. ah = 0/ 

2. In an analogous manner salicylic acid, C0H4(OH)(CO2H), 
which can be prepared from the above-mentioned amino-ben- 
zoic acid, yields two nitro-derivatives, C4H3(0H)(N02)(C02H). 
If, however, the hydroxyl in these is replaced by hydrogen (a 
reaction which can be effected by indirect methods), the nitro- 
benzoic acids thus obtained, C2H4(N02)(C02H), are identical, 
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and therefore the H atoms which have been replaced by 
NO2 are in positions symmetrical to a. When this nitro- 
benzoic acid is in its turn reduced to amino-benzoic acid, 
CgH4(NHjj)(C02H), it is not the above (ortho-) amino-acid 
(where ab = aj) which is obtained, but an isomer. The NOg 
groups cannot therefore here be in the positions h and /, but 
must replace two other H atoms which are likewise symmetric 
towards a, say c and e, i.e. ac ^ ae {Hiibner, A., 195, 4). 

Thus two pairs of H atoms are symmetrically situated as 
regards the H atom a : ab ^ af ; ac ^ ae. The only other 
possible combination is od, i.e. the sixth H atom has no other 
H atom corresponding with it relatively to a. 

Nodting (B., 1904, 1015) has shown that the 2-chloro-G- 
hydroxy-toluene and the 6-chloro-2-hydroxy-toluene obtained 
by the following reactions are identical: 

1. 6-nitrO“2-ammo- toluene 6-nitro-2-chloro-toluene 

6-aiDLmo-2-chloro-toiuene -> 6-hydroxy-2-chloro-t<)lurne. 

2. 6-mtro-2-amino-toluene -> 6-nitro-2-hydroxy-tolut;no 

-► 6>ammo-2-hydroxy-tolueno -> 6-chloro-2-hydjoxy toluene. 

Cf. also CoAen, J. C. S., 1915, 847. 

It has been assumed in the considerations just detailed that 
when one compound is converted into another by the exchange 
of atoms or radicals (NHg for NOg, H for OH), this exchange 
is effected without a so-called “ molecular rearrangement 
taking place at the same time (Chap, XXXVIII). Experience 
has proved that this may be taken for granted in a large number 
of reactions which proceed with relative smoothness and at 
comparatively low temperatures. Those instances in which a 
molecular rearrangement ensues are now well known; espe- 
cially is this the case in the fusion of sulphonic acids with 
potash (exchange of SO3H for OH), a reaction which takes 
place at relatively high temperatures only, and which fre- 
quently leads to isomers of the compounds expected. Other 
examples are: (a) potassium ortho-hydroxy- benzoate heated 
at 200® yields the potassium salt of the para-acid; (b) all three 
isomeric bromo-benzene-sulphonic acids, C^H4Br*S03H, and 
the three bromo-phenols, CeH4Br-OH, yield resorcinol or meta- 
dihydroxy-benzene, n-C3H^(OH)2, when fused with potash; (c) 
ortho-phenol-sulphonic acid when heated yields the isomeric 
para-acid, jp-OH*CeH4*SOgH. Reactions of this nature prob- 
ably arise from the successive taking up and splitting off of 
atoms or atomic groups. 
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C. Constitution of Benzene 

The forumla CgHg at once indicates that benzene cannot be 
a saturated open-chain compound. The possibility that it is 
an oj)en-chain unsaturated compound containing several double 
or triple bonds has been shown to be untenable, e.g. dipro- 
pargyl (p. 58), CHlOOHg-CHg-CiCH, although resembling 
benzene in physical properties, is quite difierent as regards 
most of its chemical properties; it combines readily with 
bromine, yielding additive compounds with 2, 4, G, or 8 atoms 
of bromine, and it is also oxidized with the greatest readiness. 
Benzene combines with bromine only slowly and under specific 
conditions, and then yields CgH^Br^; it is, further, extremely 
stable towards oxidizing agents. The equivalency of the 
6 hydrogen atoms in the benzene molecule is a further strong 
argument against such open-chain formulae. Kekule was the 
first to suggest a closed-chain, cyclic, or ring formula for 
benzene. 

In order to account for the existence of only one mono- 
substituted derivative, CgH^X, but of three isomeric di-sub- 
stituted derivatives, CgH^Xj, it is necessary to assume that 
a single hydrogen atom is attached to each carbon atom. 



CH 


This formula is usually known as the benzene ring. 

In the above formula the six hydrogen atoms are symmetri- 
cally placed with respect to one another, and thus in the for- 
mation of a mono-substituted derivative it is immaterial which 
one of the six hydrogens is replaced; only one compound, 
CgHgX, can be formed. 

With di-substituted derivatives three isomerides are theo- 
retically possible, viz. : 


XXX 



the 1 : 2 or ortho-compound, 1 : 3 or meta-compound, and the 
1 : 4 or para-oompound. 
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The compound 1 : 5 is identical with 1 : 3, and 1 : 6 is iden- 
tical with 1 : 2. Cf. Wokl B., 1910, 3474. 

The hydrogen atoms in positions 2 : 6 form one pair of sym- 
metrical hydrogen atoms mentioned on p. 387, and those in 
positions 3 : 5 form the second pair, whereas the hydrogen in 
position 4 has no other hydrogen atom corresponding with it. 

Similarly, three tri-substituted derivatives, CgHgXg, arc 
known, and only three are possible with such a ring formula, 
viz.: 


X 

X 

X 

Y 


/l\ 

I ?l 

1. .1 

(III) 1 al 


xl^^'x 

1 1 

v/ 


X 


(I) 1 : 2 : 3 or adjacent tri-derivative. (II) 1 : 3 : 5 or sym. 
tri-derivative. (Ill) 1 : 2 : 4 or unsyrn. tri-derivative. 

Any other combination is identical with one of these, 2:4:6 
-1:3:5 and 1 : 4 : 6 - 1 : 2 : 4. 

The number of isomerides is considerably increased when 
the three substituents are not similar, e.g. in a compound, 
NHg-CeHgBr-COgH. 

With a tetra-substituted derivative, €5112X4, where all four 
substituents are alike, only three isomerides are possible, 
namely, 1 : 2 : 3 : 4, 1 : 2 : 3 : 5, and 1 : 2 : 4 : 5. 


X X 



X X 


And with a penta-substituted derivative, C5HX5, only one 
form is possible. 

The number of isomerides actually found in each case is in 
perfect harmony with these theoretical deductions. 

This ring formula represents each carbon atom as tervalent. 
Various ways of representing the atoms as quadrivalent have 
been suggested. 

1. KekuWs ring formula I with alternate single and doable 
links. 

This formula is in perfect harmony with the formation of 
benzene from acetylene, of s-trimethyl-benzene from acetone, 
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and of additive compounds by benzene and its derivatives, 
e.g. di-, tetra-, and hexa-hydro-derivatives, CgHg, CgHiy, 
CgHi 2 (p. 409); benzene bexachloride, (p. 415); the 

triozonide, OgHgOg (Chap. XLVIll, G.), and an additive 
compound with ethyl di azoacetate. 

Two arguments which have been brought forward against 
this formula are: 

(a) Two ortlio-disubstituted derivatives should be possible, 
namely, II and III: 


CH 


(I) 


nc.|^\cn 


CH 


X X 

/\x x/\ 

(II) II (III) ""ll 1 

\/ \x 


In (II) the 2 carbon atoms to which the substituents are 
attached are united by a double bond, and in (III) by a single 
bond. Kekule has suggested that the single and double bonds 
may be continually changing, so that positions 2 and 6 are 
really symmetrical with respect to 1. 

(b) The stability of benzene towards oxidizing agents. 
Di- and tetrahydrobenzenes — obtained by the reduction of 
benzene — which contain respectively two and one double bonds 
in their molecules, are readily oxidized, and also readily yield 
additive compounds with halogens. They also give quite 
different ultra-violet absorption spectra. Evidence based on 
other physical constants, such as molecular refraction, mole- 
cular volumes, molecular magnetic rotations, and heats of 
combustion, is inconclusive and conflicting. It has been sug- 
gested that the peculiar symmetrical structure of the benzene 
molecule may account for its stability, but the fact that cyclo- 
octatetrene, CgHg (Chap. XXXIII), which contains 8 CH groups 
united alternately with double and single linkings, has the 
properties of an aliphatic polyene and not of an aromatic com- 
pound, is a strong argument against the KekuU formula 
(Willstdtter, B., 1911, 3423; 1913, 517). 

(II) A second method is represented by Armstrong's centric 
formula IV developed by Baeyer. 

It represents the fourth valency of each carbon atom as 
directed towards the centre of the molecule, where the 6 are 
kept in equilibrium, a method of linking which is unknown in 
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the fatty series. When reduced to dihydro-benzene, four of 
the six centric bonds form two double bonds. 


H H. 



This readily accounts for the great difference between the 
chemical properties of benzene and of its reduction ])roducts. 

Various other formulae have been suggested for benzene, 
e.g. Ladenhurg's prism formula, Claus's diagonal formula, and 
Dewar's formula. 



Ladenburg Clans Dewnr 


A strong objection to the prism formula and to any other 
three-dimension space formula is that the molecules of certain 
substituted derivatives would be dissymmetric, and should 
therefore exist in optically active modifications. No benzene 
derivative which occurs naturally is optically active, and 
attempts to resolve substituted benzene derivatives, e.g. 
CgH(0H)(C02H){CU3)(C3H7)(N02), nitrothyinotic acid, have 
been unsuccessful. 

Other objections to the prism formula are (a) the difficulty 
of accounting for the reduction products of benzene,, and ( 6 ) 
the fact that when benzene is oxidized by various methods no 
compound is met with which contains a carbon atom attached 
to 3 other carbon atoms, as is the case in the prism formula. 

The ring structure of the benzene molecule advocated by 
KekuU in 1865 has been substantiated by all subsequent 
investigations, and the molecule must be represented by a 
sjmmetrical ring containing six CH groups in such a manner 
that the 6 hydrogens are equivalent. All the more recent work, 
particularly X-ray analyses of crystals, proves that substances 
like graphite, liexamethyl- and hexachloro-benzene have a 
planar structure and hence such formute as the prismatic, 
octahedral or S<mhs are ruled out. The distance between two 
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adjacent carbon atoms has been shown to be 1-42A and the 
diameter of the ring to be 2*82 A. The value 1*42 is less than 
that of the single link in the paraffin series, and only slightly 
more than that for the double carbon link. For a compound 
with the alternating single and double links the value should 
be the mean of the single or double. All positions and all 
valency bonds are equal to one another, and this high degree 
of symmetry may account for the great stability of the com- 
pound, a stability which is not quite so marked in hetero- 
cyclic and condensed ring compounds. 

If the benzene molecule is not to be represented by the 
alternate single-double link formula of KekuU, two possible 
methods of representing the structure on the electronic basis 
are: (1) The centric formula of Armstrong and Baeyer; (2) 
Thomson. In the former 6 electrons (1 from each carbon atom) 
are different! atc‘d from the others and constitute a separate 
group. In the latter each carbon atom shares 3 electrons with 
its neigh i)our, or any two carbon atoms may be regarded as 
united by a covalent and a singlet link. 


(D 




0 G 

11 >11 

I 


Such a formula is attractive from its simplicity, and is in 
harmony with most known facts, but is difficult to reconcile 
with modern views of wave mechanics of the covalent link 
(Pauling, J. A. C. S., 1931, 3228, also Nature, 1932, 129 , 973 
and 130 , 273). In all probability benzene has a resonance 
structure betvreen the two possible Kekule formulae (cf. Chap. 
LXXIII; also Penny, P., 1934, 140 , 233, Ingold, J. C. S., 1933, 
1120). The centric formula presents difl&culties when applied 
to condensed ring systems; but can be used in representing 
thiophene, pyridine, pyrrole, &c., and according to Robinson 
the characteristic of all benzenoid systems is the presence of 
6 electrons forming a group which resents disruption (J. C. S., 
1925, 1604), 

Certain reactions of benzene, e.g. formation of hydrides 
with 2H, 4H and 6H, formation of a triozonide CeH^(Os)8, 
its oxidation to maleic anhydride and its combination with 

( B 480 ) 14 • 
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ethyl diazoacetate, point to the presence of olefine or conjugate 
olefine links, and the tautomerism of compounds like p-nitro- 
phenol with p>benzoquinone monoxine and of hydroxy azo-dyes 
with quinonephenyl^drazones are examples of anionotropic 
change characteristic of many unsaturated compounds (cf. 
Tautomerism, Chap. LIII). 

It is possible that benzene in a static state has the centric 
structure, but in the presence of reagents of a polar tyj)e 
passes from the more symmetrical structure to the less sym- 
metrical KekuU structure. 


D. Methods for determining which of three 
Isomeric Compounds is the Ortho, which 
Meta, and which Para 


1. A method worked out by Korner (1875) for the three 
dibromobenzenes. One of these (a) is a solid melting at 89®; 
a second (6) is a liquid which boils at 224®, and when solidified 
melts at —1°; and the third (c) is a liquid boiling at 219° and 
melting at -f-1®. W^hen further brominated, the compound a 
yields only ane tribromobenzene ; compound 6, under similar 
conditions, yields a mixture of two isomeric tribromobenzenes ; 
and compound c a mixture of three. 


Br Br 


0 

( 

^Br 

/ 

Br 


\ 

\ 

Br 

Br 

Br 


ri®' 

/\ 

1 1 


s^Br 

Y 


Br 




Br Br 
Br 




Br 


Y 


Br Br* 


Br 

0 


Br 


From a glance at the above formulse, it is obvious (1) that 
the para- or 1 : 4-compound could give rise to only one tri- 
bromobenzene, (2) that the ortho- or 1 ; 2-compound could give 
a mixture of two isomeric tribromobenzenes, and (3) that the 
meta- or 1 : 3-compound could give a mixture of three isomeric 
tribromobenzenes. 

The compound melting at 89° is therefore p-dibromobenzene, 
the one boiling at 224° is the ortho-, and the one boiling at 
219° and melting at -f 1° is the meta-compound. 
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Incidentally, this gives a method for determining which 
of the three tribromobenzenes is the adj., which the sym., and 
which the unsym. A glance at the formulee indicates that the 
sym.-tribromobenzene is the one which is formed from the 
m-dibromobenzene only. The adj. is the one formed from 
both ortho> and meta-, and the unsym. is the one which is 
formed from ortho-, meta-, and para-dibromobenzenes. 

Similar results are obtained by examining the nitro-dibromo- 
benzenes obtained by nitrating the dibromobenzenes. 

The p-compound yields only one nitro-derivative ; the o-com- 
pound yields two nitro-derivatives ; the m-compound jdelds 
three nitro-derivatives: 


Br 



Br 

Br 




Br 



Br 




Br 

NO,(^Br 


but the nitro-dibromobenzenes thus formed are all different. 

Similar methods may be adopted for determining the 
constitutions of the three diamino-benzenes, CgH4(NH2)2, by 
determining from how many of the six diamino-benzoic acids 
each of the three can be obtained by elimination of carbon 
dioxide. 

The m-compound is the one which is formed from three 
distinct acids, the ortho- from two, and the para- from one 
only (Griess). 

The relationships between the three xylenes, 0^114(0113)2, 
and the six nitro-xylenes are exactly analogous to those be- 
tween the three dibromobenzenes and their six nitro-deri- 
vatives. 

2. When the constitution of several groups of compounds, 
e.g. the dibromobenzenes, the xylenes, and the diamino-ben- 
zenes have been settled, then the constitutions of other com- 
pounds can be determined by conversion into one of the 
comMunds of known constitution, e.g. the dinitro-benzene 
which yields m-diamino-benzene on reduction is the m-dinitro- 
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compound, or the acid obtained by the oxidation of o-xylene 
must be the o-dicarboxylic acid. 



This constitution is confirmed by the fact that this acid 
is the only one of the three isomeric benzene-dicarboxylic 
acids which yields an inner anhydride, phthalic anhydride, 






‘\ 


€ 0 ^ 


0, and hence the two COgH groups are probably 


attached to two adjacent carbon atoms. 

3. The constitution of certain di -substituted derivatives is 
based on Ladenburg's proof (A., 179 , 174) of the equivalence 
of the three unsubstituted hydrogen atoms in mesitylene, 
0^113(0113)3; in other words, on the fact that mesitylene is 
sym. -trimethyl-benzene, e.g. the constitution of m-xylene is 
based on the following reactions: 



Ladenburg's proof is briefly as follows: Mesitylene yields a 
dinitro-derivative, 03H(CH3)3(N02)2, in which two of the three 
nucleus hydrogen atoms (a and b) are replaced by nitro-groups. 
From this is formed, by the three procesvses of reduction, 
acetylation, and nitration, a dinitro-acetamino-mesitylene: 

C*H(CH,),{NO,)(NH,) CgH(CH,),(NOa)(NHAo) 
a b 

-^Ce(CH8)3(NO,)a(NHAc), 

in which the third hydrogen (c) is replaced by NOj; on hydro- 
lysis, this yields C8(CH3)3(N02)2(NH2), and on elimination of 
the amino-group, C3H(CH3)3(N02)2, a dinitro-mesitylene, which 
is identical with the original dmitro-compound started with. 
Hence two of the hydrogen atoms (say b and e) are similarly 
situated. The nitro-amino-mesitylene, CeH(CH3)3(N02)(NHj), 

a 6 

in which the nitro-group is in position a and the amino- in 
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position 6, yields CJl2(0H3)3NO2, and this, when reduced, 

a 

acetylated, nitrated, and hydrolysed: 

C,H,{CH,),NH, -> C,H,(CH,), NHAo 

a a 

-* C.H(CH.),(NHAc)(NO,) ^ C.H{CH,),(NH,)(NOd. 

a boT c a box c 

a nitro-amino-mesitylene which is identical with the original 
nitro-amino-mesitylene, and hence the position a is similarly 
situated to either h or c, but in the first part of the argument 
it was shown that b = c, a = b = c. 

Other Tsrpes of Isomerism. — 1. In addition to the cases of 
isomerism dealt with in the preceding pages (isomerism due to 
the positions of the substituents in the nucleus), other types of 
isomeridea are met with. A frequent example is the isomerism 
of a compound containing a substituent in the nucleus with a 
compound containing the same substituent in the side chain; 
well-known examples are CeIl4Cl*CH.j and 0^115-011201, 
CH3 

06H4(^ and 0gH5*Cri2-NH2. Isomerism of this type is 

^NH2 

usually accompanied by considerable difference in chemical 
properties. 

2. “ Side-chain isomerism is the name given when the iso- 
merism is confined to the side chain, e.g.: 

CellfiCH^GHjCHa and C4H,CH(CH,).. 

Normal and Isopropyl-benzene 

Stereo-isomerism. — When the side chain contains an asym- 
metric carbon atom, e.g. CeH5*CH(0H)(C02H), mandelic acid, 
stereo-isomerism of the type of the active lactic acids is met 
with. Stereo-isomerism of the type of the crotonic acids is 
met with in unsaturated compounds like cinnamic acid, CgHg- 
CHiCH-COgH, and stereo-isomerism analogous to that de- 
scribed in the case of polymethylene derivatives is met with 
among the reduced benzene derivatives, e.g. di-, tetra-, and 
hexahydrophthaiic acid (Chap. XXVI, B.). 

E. Occurrence of the Benzene Derivatives 

Many benzene derivatives occur in nature, e.g. oil of bitter 
almonds, benzoic acid, salicylic acid, and hippuric acid, while 
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others are obtained from the destructive distillation of organic 
substances, especially of coal. 

The destructive distillation of coal yields (a) gases (illumi- 
nating gas) ; (b) an aqueous distillate containing ammonia and 
its salts, &c. ; (c) coal-tar; and (d) coke. 

Coal-tar. — Coal-tar is the chief source of benzene derivatives 
and is formed in the manufacture of coal-gas for illuminating 
purposes, and in coke ovens used for the production of 
high-grade coke for metallurgical purposes. In both cases 
coal is distilled from closed retorts at relatively high tem- 
peratures, about 1000° C., and the main difference between 
the two processes is the nature of the coal used. For gas- 
making a bituminous coal containing 32-40 per cent of vola- 
tile matter is used, and in order to obtain the maximum 
yield of hard coke bituminous coals containing from 18-32 per 
cent of volatile matter are employed. 

The yields of products per ton of coal can be taken as : 


Gas 

Ammoniacal liquor . . 
Tar 

Coke . . 


Gasworks 

10,000-12,000 cu. ft. 

177 Ib. 

10 gall. 

0 7 ton 


Coke Ovens 
17% 10-6% 

- 7-9% 9-0% 

- 50^^, 4-0% 

- 70 0% 71-5% 


The tar from the two processes is much the same. 

At the present time numerous low-grade coals, e.g. cannel 
coal, lignite or brown coal, and even bituminous shales, are 
distilled at comparatively low temperatures (500°-6(X)° C.) in 
order to obtain oils, and, in the case of cannel coals, smokeless 
fuel for household purposes, coalite. The tar produced in all 
these cases is essentially different from the coal-tar obtained 
from gasworks and coke ovens. It consists largely of paraffin 
hydrocarbons, and is valueless for the manufacture of dye- 
stuffs, explosives, &c., but yields valuable illuminating and 
fuel oils and phenols (cf, C, and I., 1937, 895). 

When coal-gas was first generally used for illuminating 
purposes (1813) the tar was regarded as a waste product, and 
could only be used as fuel, and its value as the source from 
which important synthetic dyes, perfumes, explosives, medi- 
cinal drugs and photographic developers could be manu- 
factured was only gradually recognized. For many years 
after the introduction of coke ovens for the manufacture of 
metallurgical coke, the ammonia and tar formed at the same 
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time were not collected (so-called bee-hive ovens), but at the 
present time the great majority of the ovens are of the closed 
type, and are provided with by-product recovery plant. Still 
more recently, as the demand for benzene and toluene has 
increased, it has become customary to recover the benzene 
and toluene contained in the gas from the coke ovens, and 
even from the gas from gasworks, although this removal 
appreciably diminishes the illuminating power of the gas. 
The benzene hydrocarbons are usually removed by passing the 
gas through scrubbers containing creosote oil, which absorbs 
the hydrocarbons, and these can be afterwards isolated by 
heating the creosote oil or subjecting it to steam distillation. 
The amount of benzene and toluene in coal-gas is, roughly, 
about 15 times as much as that contained in the tar formed at 
the same time. In coke-oven gases the amount is only about 
half this. By this method of extracting benzene and toluene 
from the gases the amounts of these materials for the manu- 
facture of explosives, &c., has been increased enormously. 

Coal-tar contains as many as 200 different chemical sub- 
stances; these are not present in the coal itself, but are 
formed during the distillation. During the past thirty years 
investigators have attempted to isolate compounds from coal 
itself by extraction with solvents, such as chloroform {Keinsch, 
1910), pyridine (Bedson, 1908), benzene (Pictet, and Ram, 1911), 
but so far few relationships have been established between the 
different materials present in coal and the chemical compounds 
present in tar (cf. Tide^wdl and Wheeler, J. C. S., 1919, 619). 
The chief components of coal are complex carbon compounds 
and not free carbon, and the first change during carbonization 
is to decompose the complex compound into simple, which may 
then react or polymerize, yielding the products found in the tar. 

The most important compounds present in coal-tar are 
benzene, toluene, xylenes, phenol, cresols, naphthalene, and 
anthracene. Among the other compounds present are homo- 
logues of benzene, especially the methyl homologues; com- 
plex hydrocarbons, such as diphenyl, phenanthrene, fluorene, 
acenapththene, chrysene and retene, indene and its homo- 
logues, and homologues of naphthalene ; thiophene, benzonitrile, 
aniline, pyridine and its homologues; quinoline, isoquinoline, 
pyrrole, indole, carbazole, and acridine. Most of these are of 
little commercial importance, as the amoimts present are 
small and their isolation from the tar is difficult. 
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Many of the hydrocarbons present in the tar are probably 
formed by the pyrogenic polymerization of acetylene, as this 
hydrocarbon when heated yields many of the products present 
in coal-tar (JR. Me^er and £f. Frieke, B., 1914, 2765). 

The crude tar contains appreciable amounts of water, and 
has to be dehydrated before it can be distilled. Numerous 
methods are adopted, e.g. centrifuging the warm tar; heating 
the tar, allowing the water to rise to the surface, and removing 
it by a draw-oil cock; or allowing the wet tar to come in 
contact with the hot vapour from another lot of boiling de- 
hydrated tar. 

The actual distillation is carried out in iron stills directly 
fire-heated. In many tar distilleries continuous stills are 
employed; in others intermittent distillation is used, the 
pitch being removed and a fresh charge of tar introduced from 
time to time. 

The fractions collected vary in difierent distilleries, but, as 
a rule, in the first distillation the following are collected: 
(1) First runnings up to or 110"^; this contains wmter, 
ammonia, and some light oil. (2) Light oils up to 210°. (3) 
Middle oil or carbolic oil up to 240°. (4) Creosote oil up to 
270°. (5) Anthracene oil above 270°. (6) Eesidue in the 

still = pitxjh. 

The relative amounts of the different fractions vary con- 
siderably in different countries and different districts, but the 
following are fairly typical values for 1 ton of tar: Light 
oils, 12 gall.; carbolic oil, 20 gall.; creosote oil, 17 gall.; 
anthracene oil, 38 gall.; and pitch, 11 cwt. Calculated on 
1 ton of tar, the yields of important products are: Benzene 
and toluene, 25 lb., or 1*1 per cent; phenol, 11 lb., or 0*5 
per cent; cresols, 50 lb., or 2*2 per cent; naphthalene, 180 lb., 
or 8 per cent; creosote, 200 lb., or 8*8 per cent; and anthra- 
cene, 6 lb., or 0*27 per cent. 

The light oils, including those from the first runnings, give 
rise to 60-65 per cent of benzene hydrocarbons, 12-15 per 
cent of naphthalene, 8-10 per cent of phenols, and 1-3 per 
cent of pyridine bases. The phenols are readily removed by 
treatment with caustic soda solution, and the pyridine bases 
by treatment with dilute mineral acids. The neutral sub- 
stances, on further fractionation under varying conditions, 
yield 90 per cent benzol, 50 per cent benzol, 30 per cent benzol, 
and solvent naphtha. The numbers 90, 50, and 30 denote 
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the percentage of the oil which passes over below 100 ® C., 
and not the actual benzene content of the oil. 90 per cent 
benzol contains 81 per cent of benzene, 15 per cent of toluene, 
2 per cent of xylenes, and 2 per cent of impurities; and 30 
per cent benzol contains respectively 13-5, 73-4, 11*7, and 11*7 
per cent. From these crude benzols, by careful fractionation, 
pure benzene, toluene, and xylenes can be isolated. 

In addition to the compounds, such as benzene, toluene, 
naphthalene, phenol, and anthracene, which are actually isolated 
and form important articles of commerce, a number of pro- 
ducts consisting of complex mixtures are also manufactured. 
The most important of these are ( 1 ) benzol motor spirit, 
( 2 ) solvent naphtha, which is used as a solvent for rubber in 
preparing waterproof fabrics and also for burning purposes, 
and (3) creosote oil, which is used in enormous quantities for 
pickling timber for use as railway sleepers, posts, and other 
purposes. Cf. Solvents from Coal-tars (C. and I., 1932, 28, 45). 

For hydrogenation of coal cf. BergiuSy Chem. Age, 1927, 134, 
and for hydrogenation and cracking of coal-tar, C. and I., 
1934, 816. 

A large proportion of the tar is burnt as fuel, another large 
portion is used for the production of the above solvents and 
comparatively a small part refined to yield pure compounds 
used in chemical industry. 

F. Formation of Benzene Derivatives from 
Open -chain Compounds 

The benzene derivatives can be produced from the fatty 
compoimds by a relatively small number of reactions only. 

1 . Many methane derivatives, e.g. alcohol, yield a mixture 
containing a large number of the derivatives of benzene when 
their vapours are led through red-hot txibes. Acetylene, CgHg, 
polymerizes at a low red heat to benzene, (Berthdot): 

CH CH 



In an analogous manner allylene, CHj-CiCH, yields mesity- 
lene or 1:3:5 trimethyl-benzene, €^ 113 ( 0113 ) 3 , when distilled 
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with dilute sulphuric acid, while crotonylene, CHg-CiC-CHj, 
pelds hexamethyhbenzene, Cg(CH3)e; bromo-acetylene and 
iodo-acetylene polymerize to ^-tribromo- and tri-iodo-benzene 
when exposed to light; propiolic acid, CHiC-COgH, poly- 
merizes to trimevsic acid, C0H3(CO2H)3. 

2. Natural gas, consisting largely of ethane and propane, 
when subjected to the process of “ cracking ” (p. 42), especially 
in the presence of metals, at various temperatures gives rise to 
aromatic hydrocarbons, and it has been suggested that these 
are the result of the following series of changes : ethane 
ethylene butadiene -> benzene (J. I. E. C., 1918, 901). 

3. Ketones condense to benzene hydrocarbons when dis- 
tilled with dilute sulphuric acid, e.g. acetone yields mesitylene 
{Kane^ 1838) and methylethyl ketone, triethyl-benzene: 

CHg 
C(0) 

(H.)CH 

CH,-(!!(0) C(0)CH, 

/ 

(H,)CH 
3 mols. Acetone 


CH, 

nd^H 
I il -h 3H,0. 
CHjC CCH, 

Y 

H 

Mesitylene 


Hydroxy-methylene-acetone (p. 258) readily undergoes con- 
densation, jielding triacetyl-benzene. 

4. Certain 1 : 2-diketones, aldehyde acids, and keto-alde- 
hydes are transformed in an analogous manner into benzene 
derivatives by suitable “condensing*' agents; diacetyl, 
CHa-CO-CO-CHg, is transformed by alkalis into xylo-quinone, 
CeH202(CH3)2 (B., 1888, 1411), and ethyl )3-hydroxyacryIate 
into the ethyl ester of trimesic acid (B., 1887, 2930). 

5. Certain 1 : 5 diketones react with hydrochloric acid, yield- 
ing reduced benzene derivatives, which can readily be trans- 
formed into benzene derivatives, e.g, ethylidene-diacetoacetic 
ester (from acetaldehyde and acetoacetic ester) yields dimethyl- 


.C0~~CH2. 

cyclo-hexenone, CH^ ^CHMe, the dibromide of 

^CMe-CHa/ yC(OH) : CH. 
which is converted into sym.-xylenol, CH^ ^CMe 

(Knoevenagd). X!Me — CH^ 

6. By the hydrolysis of the product from methylene iodide 



ETHYL SUCCINYLO-SUCCTNATE 


403 


and othyl Bodio-pentane tetracarboxylate, hexahydro-isoph- 
tbalic acid is formed (W. H. Perkin, J. C. S., 1891, 798): 



CH2 

Hjd^ 3(CO.Et), 


1 + OHJ, 

HjC Na 

Hji in. 

x/ 

C(C()jEt)j 

'(5hcOjH 


Sodium conjpound of ethyl Hexahydro-isophthalic 

pentane-tctracarboxylatc acid 


7. By the action of sodium upon ethyl succinate (Herrmann, 
or upon ethyl bromo-acetoacetate (Duisberg), ethyl succinylo- 
succinate, “ ethyl cycIo-hexane-2 : 5-dione-l : 4-diacid is ob- 
tained, and is readily transformed into ethyl dihydroxy- 
terephthalate and then into quinol: 

EtOCO 

CO.Et HCiH i fcH, 

H,C i HiinCOjEt 

\ i 

co:oEt 

2 mols. Ethyl succinate 

8. When ethyl aodio-malonate, CHNa(C02Et)2, is heated, 
ethyl phloroglucinol-dicarboxylate is formed, and this on hy- 
drolysis yields phloroglucinol, which is also formed from 
malonyl chloride and acetone in the presence of calcium car- 
bonate. 

9. Hexyl iodide, CgHjgl, is converted into hexachloro-ben- 
zene, C^C4, when heated with ICI3, and into hexabromo-ben- 
zene, CgBr^, by bromine at 260°; the latter compound can also 
be obtained by heating CBr^ to 300°. 

10. Mellitic acid, Cq(C 02H)3, is produced by the oxidation 
of graphite or lignite by means of KMnOi. 

11. Potassium carboxide, which is formed by the action of 
carbon monoxide upon potassium, is the potassium compound 
of hexahydroxy-benzene, Ce(OH)3. 

12. For the conversion of hydroaromatic compounds into 
benzene derivatives see Crossliy and others, J, C. S., 1903, 
110; 1904, 264; 1906, 875; 1914, 165. 


CO 

CO,EtH(5^CH, 

H,(!: inco.Et 

Ethyl succinylo-succinate 
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THE CONVERSE TRANSFORMATION OF BENZENE 
DERIVATIVES INTO FATTY COMPOUNDS 

1. When the vapour of benzene is passed through a red-hot 
tube it is partially decomposed into acetylene. 

2. Benzene is oxidized by chloric acid to “ trichloro-pheno- 
malic acid’’, i.e. j8-trichloraceto-acrylic acid, CClg-CO'CH: 
CH'COgH (KekuU and Strecker, A., 223, 170). 

Chlorine and phenols react in the presence of alkali yielding 
chlorinated aliphatic acids, e.g. resorcinol (m-dihydroxy- 
benzene) yields dichloro-maleic acid (B., 1894, 3364). Bromine, 
acting upon bromanilic acid, yields perbromo-acetone, CBrg* 
CO-CBr3. 

3. Nitrous acid and catechol yield dihydroxy- tartaric acid 
(Chap. X, F,), and phenol and potassium permanganate yield 
tartaric and oxalic acids. 

4. Benzene when oxidized with air in contact with vana- 
dium pentoxide at 250°-300° yields much maleic acid with 
small amounts of benzoquinone which is probably an inter- 
mediate product. 

5. The hexahydro- benzenes are transformed with difficulty 
into hydrocarbons of the methane series when heated with 
hydriodic acid at 280°. 

6. When reduced with metallic sodium and amyl alcohol, 
o-hydroxy-benzoic acid is converted into pimelic acid: 



H,C|/\30,H 
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XVIII. BENZENE HYDROCARBONS 

A. Homologues of Benzene, CnHsn-o 

The benzene hydrocarbons are for the most part colourless 
liquids, insoluble in water, but readily soluble in alcohol and 
ether (durene and penta- and hexamethyl-benzenes are crys- 
talline). They distil without decomposition, possess a pecuhar 
and sometimes pleasant ethereal odour, and bum with a very 
smoky flame. Many, especially benzene and its methyl deriva- 
tives, occur in the lower fractions from coal-tar; others are 
prepared synthetically by Fittig^s, Friedd-C rafts’ or Grignard’s 
method. 

Modes of Formation, 1. Fittig’s Synthesis (1864). — By the 
action of sodium on a mixture of an alkyl halide and an aryl 
bromide in dry ether: 

CJIfiBr + CH3I + 2 Na » -f Nal + NaBr; 

CeH4Br(C2H6) + + 2 Na - C«H,(C8ll5)8 + Nal 4 - NaBr. 

Jannasch synthesized jo-xylene, durene, and isodurene by this 
method, and the reaction is of value as establishing the con- 
stitution of the benzene homologues as the alkyl replaces the 
Br in the ring. 

2 . Friedel and Crafts’ Synthesis (1877). — By the action of 
alkyl chlorides on aromatic hydrocarbons in the presence of 
anhydrous aluminium chloride: 

C«He -f CH 3 CI « + HCl; 

C.H, + 2CH,C1 CeH 4 (CH 3)3 4 - 2HCI, &c. 

This reaction is, like the preceding one, capable of very 
wide application; by means of it all the hydrogen atoms in 
benzene can be gradually replaced by methyl. The best 
yields are often obtained by the addition of carbon bisulphide, 
which serves as a diluent, and also prevents the temperature 
rising to any appreciable extent, and thus largely avoids the 
disintegrating action of the chloride on the homologues first 
formed. At higher temperatures, for example, is 

transformed to a large extent into and 0 ^ 34 ( 065)3 

(B., 1894, 1606, 3235). 
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CH,CeH4CH(CH,), lU ^176 
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Zinc, antimony, and ferric chlorides {Nencki, B., 1899, 
2414; Menschutkin, Abs., 1904, i, 188, 673) act in the same 
way as chloride of aluminium, while ethyl chloride and other 
halide compounds, such as chloroform and acid chlorides, may 
replace methyl chloride. Good yields of mono-alkyl derivatives 
are usually obtained when an excess of hydrocarbon is used; 
with excess of alkyl chloride 2 or 3 alkyl groups may be intro- 
duced. During the reaction molecular rearrangement can 
occur, thus benzene and ?i-propyl chloride yield isopropyl- 
benzene unless low temperatures are used. With a compound 
like C 6 H 5 CH2(CH2)2*CH2C1 the AICI 3 will induce internal 

.CHCH 2 

condensation yielding the compound ! tetra- 

hydronaphthalene. 

For further discussion see Chap. XLIX, G. 

Alcohols also, like the alkyl halides, can react in an analo- 
gous manner in presence of ZnCl 2 : 


C«He + QH^OH CeH. QH, + H,0. 

3. Another synthetical method is by the action of an alkyl 
iodide (bromide or sulphate) upon the Grignard compound 
derived from an aryl bromide in toluene solution (Houben, 
B., 1903, 3083; 1904, 488; Werner, ibid. 2116, 3618): 


CH3 CeH, MgBr + C^Br * CH3'CeH4 C,H3 + MgBr*. 


4. The benzene hydrocarbons are formed when their carb- 
oxylic acids are distilled with soda-lime: 


C3H3 CO3H » CeH* + CO3; 

CH, C.H4 C0,H - CeH3 CH 3 + CO 3 . 
C,H,(CH,),SO,H + H ,0 + H3SO4. 


5. The SO 3 H group of a sulphonic acid (Chap. XXIII) can 
be eliminated by dry distillation, by heating with concen- 
trated hydrochloric acid to 180°, by distillation of the am- 
monium salt (Caro), or by treatment with superheated steam, 
e.g, in presence of concentrated sulphuric acid (Armstrong, 
W. Kdbe)] also by heating with concentrated phosphoric 
acid. 

6 . From the amino-compounds by transforming these into 
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diazonium-compounda (Chap. XXII, A.), and boiling the lattei 
with absolute alcohol or with an alkali stannite solution. 

7 . By distillation of the phenols (or ketones) with zinc dust. 

Isomers and Constitution . — The table given on p. 406 shows 
that the benzene hydrocarbons, from CglTjo on, exist in many 
isomeric modifications; thus, isomeric with the three xylenes 
we have ethyl-benzene, with the three trimethyl-benzenes, 
the three methylethyl-benzenes and the two propyl-benzenes. 

The constitution of these hydrocarbons follows very simply 
from their modes of formation. A hydrocarbon C10H14, for 
instance, which is obtained from benzene and methyl chloride 
by the Friedel-Crafts reaction, can only be a tetramethyl -ben- 
zene; another of the same molecular formula which has 

been prepared from bromo-benzene, butyl bromide and sodium, 
must be a butyl-benzene; while a third, from p-bromo-toluene, 
normal propyl iodide and sodium, must be a p-propyl -toluene 
(p-methyl-n-propyl-benzene), &c. The synthesis therefore de- 
termines the constitution. 

The groups CH3, CgHg, &c., which replace hydrogen in 
benzene, are termed side chains 

When oxidized, the hydrocarbons yield a benzene-mono-, 
di-, or tri-, &c., carboxylic acid, e.g. benzoic acid, CgHg’COgH, 
0-, tn-, p-phthalic acid, CgH4(C02H)2, according to the number 
of side chains present in the hydrocarbon; and a further proof 
of the constitution of the compound is thus afforded. 

If, for example, a hydrocarbon yields ft benzene-tri- 

carboxylic acid, 03113(00211)3, upon oxidation, it must contain 
three side chains, i.e. must be a trimethyl-benzene; should a 
phthalic acid, on the other hand, result, then it can only be 
an ethyl-toluene. Since cymene yields p- (or tere-) phthalic 
acid, 03114(00211)2, on oxidation, its two side chains must be 
in p-positions to one another. 

The respective isomers resemble each other closely in physical 
properties, their boiling-points, for example, lying very near 
together. The ortho-derivatives often boil at about 6°, and 
the meta- at about 1® higher than the para-compounds; the 
boiling-point rises with an increasing number of methyl 
groups (cf. B., 1886 , 2513 ). 

Behaviour. — 1 . The benzene hydrocarbons are, as a rule, 
readily nitrated and sulphonated, mono-, di-, and even tri- 
derivatives being all usually capable of preparation, according 
to the conditions. As a rule, it is only the hydrogen atoms 
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of the benzene nucleus which are replaced, the side chains 
reacting as paraffin residues. Hexamethyl-benzene can thus 
neither be nitrated nor sulphonated. Exceptions to this 
generalization are met with, e.g. mesitylene yields a nitro- 
derivative, C0ll3(CH3)2*CH2*NO2; cf. also Phenylnitro-methane, 
p. 424. 

2. Oxidation . — Benzene itself is not readily oxidized; per- 
manganate of potash converts it slowly into formic and oxalic 
acids, some benzoic acid and phthalic acid being produced at 
the same time. These doubtless result from some previously 
formed diphenyl. 

The homologues of benzene, on the other hand, are readily 
oxidized to carboxylic acids, the benzene nucleus remaining 
unaltered, and each side chain — no matter how many carbon 
atoms it may contain — yielding, as a rule, a carboxyl group. 

Nitric acid allows of a successive and often a partial oxi- 
dation of individual side chains, but varying amounts of nitro- 
compounds are also formed; chromic acid mixture (K2Cr207 
4* II2SO4) acts more energetically, converting all the side 
chains in the p- and m-compounds into carboxyl, and com- 
pletely destroying the o-compounds. The latter may be 
oxidized to the corresponding carboxylic acids by alkaline 
KMnOa. Chromyl chloride oxidizes to aldehydes (Chap. 
XLYIII, B.). 

When a hydrocarbon is selectively oxidized, the longest side 
chain, as a rule, is most readily oxidized; thus C3H7*C0H4- 
CH3 yields first C02H‘CeH4*CH3, and then CeH4(C02H)2. 

3. Reduction , — The benzene hydrocarbons and most of their 
derivatives are capable of taking up six atoms of hydrogen, 
and this is most readily effected by catalytic hydrogenation. 

Hexahydro-benzene (Cyclo-hexane) and its homologues, 
C^IIgn, are colourless liquids insoluble in water, and of 
somewhat lower boiling-point than the corresponding benzene 
hydrocarbons. They resemble paraffin hydrocarbons in 
properties and can be dehydrogenated to aromatic hydro- 
carbons by sjulphur. With fuming nitric acid they yield 
nitro-derivatives of benzene. They are found in petroleum, 
especially in that from the Caucasus (Beilstein, Kurbatow). 

The partially reduced benzene derivatives behave more like 
olefines. The dihydro-benzenes, CgHg, readily combine with 
two or four atoms of bromine, and are readily oxidized by 
alkaline permanganate, as might be inferred from the 
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presence of double bonds in the molecule. Two isomeric 
dihydro-benzenes are known, viz.: 


H 



Cyclo-hexa-l : 3-diene 



Cyclo-hcxa-1 : 4 -diene 


H 

Tetrahydro-benzene, 

Cyclo-hexene 



which exists in one form 


only, is readily oxidized, combines with two atoms of chlorine 
and bromine or with a molecule of hypochlorous acid. All are 
colourless, volatile liquids. 

4. Behaviour with Halogem . — Chlorine and bromine react 
diSerently, according to the conditions. In direct sunlight 
they yield with benzene the additive products C^HgClg and 
CgHgBrg, while in diffused daylight, especially in presence of a 
little iodine, SbClg or M0CI5, they give rise to the substitution 
products CgHgCl, C^HgBr, &c. (For further details, and for 
substitution by iodine, see pp. 60 and 415.) 

5. Chromium oxychloride, CrOgClg, converts the methylated 
benzene hydrocarbons into aromatic aldehydes (Chap. XXV, B., 
and XL VIII, B. ; cf. B., 1890, 1070). (Etard's reaction.) 

6. The numerous “ condensations which benzene, &c., 
can undergo with oxygenated compounds in presence of 
ZnClg, P4O10, or H2SO4, and with chlorinated compounds in 
presence of AICI3, are of great interest; thus benzene yields 
diphenyl-ethane with aldehyde and sulphuric acid, and benzo- 
phenone with benzoic acid and phosphorus pentoxide. 

7. In presence of aluminium chloride, oxygen can be intro- 
duced into benzene, yielding phenol; sulphur, yielding phenyl 
sulphide; ethylene, yielding ethyl-benzene; carbon dioxide, 
yielding benzoic acid. 

Benzene, CgH^, was discovered by Faraday in 1826, and 
detected in coal-tar by Hofmann in 1845. It is obtained from 
the portion of coal-tar which boils at 80^"-85® by fractionating 
or freezing. It may be prepared chemically pure by distilling 
a mixture of benzoic acid and lime. The ordinary benzene of 
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commerce usually contaias thiophene, and thus gives a char- 
acteristic deep-blue coloration when shaken with a solution of 
isatin in concentrated sulphuric acid; but it may be freed 
from the impurity by repeated shaking with small quantities of 
sulphuric acid, which converts the thiophene into a sulphonic 
acid. It burns with a luminous smoky flame, and is a good 
solvent for resins, fats, iodine, sulphur, phosphorus, &c. When 
its vapour is led through a red-hot tube, diphenyl is obtained. 

C7H8. — Toluene, CeHg-CHa. Discovered in 1837. Formation: 
by the dry distillation of balsam of Tolu and of many resins. 
Synthesis according to Fittig (see above). Preparation: from 
coal-tar, in which it is found accompanied by thio-tolene. 
Toluene is very similar to bemzene. It boils at 110®, and is 
still liquid at —28®. Cr02Cl2 converts it into benzaldehyde, 
and HNO3 or CrOg into benzoic acid. 

CgHiQ. (a) 0-, m-, and p-Dimethyl-benzenes or Xylenes, 
€3114(0113)2. — The xylene of coal-tar consists of a mixture of 
the three isomers, w-xylene being present to the extent of 70 
to 85 per cent. They cannot be separated from one another 
by fractional distillation. m-Xylene is more slowly oxidized 
by dilute nitric acid than its isomers, and can thus be obtained 
with relative ease. Benzene and toluene yield chiefly ortho-, 
together with a little para-xylene, when subjected to the 
FricdePCrafts synthesis. 

The pure xylenes can be obtained as follows: ortho from 
o-bromotoluene by Fittig reaction. Meta by oxidizing s- 
trimethylbenzene to mesitylenic acid, CeHgMeg-COgH, and 
distillation with lime, the para compound from p-dibromo- 
benzene by the Fittig reaction. 

Dihydro-p-xylene can be prepared from ethyl succinylo-suc- 
cinate. Liquid; b.-pt. 133°. It has an odour of turpentine, and 
is closely related to the terpenes (cf. Baeyer, B., 1892, 2122). 

(6) Ethyl-benzene, CgHg-CgHg, is obtained from CgH^Br 
and CjHgBr by the Fittig reaction; from cinnamene, C3H5 
CH:CH2, on reduction with HI; and from C3H3 and CjHgCl 
by the FriedePCrafts reaction. It is found in small quantity 
in the xylene from tar, and when oxidized yields benzoic acid. 

C2H12. (o) Trimethyl-benzenes. — 1. Mesitylene, 1:3:5- 
trimeihyl'benzene, C3H3(CH3)3, is found in coal-tar along with 
the two other isomeric trimethyl-benzenes (*‘ tarcumene ’’), 
and can be synthesized from acetone or allylene. It is a liquid 
of agreeable odour. Nitric acid oxidizes the side chains one 
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by one, while chromic acid mixture decornj^oses it completely. 
(For constitution see p. 396.) 

2. Pseudo-cumene, 1:2: i-tritnethyl-benzeney is separated 
from mesitylene, not by fractional distillation, but by taking 
advantage of the sparing solubility of {)seudo-cumene-8ub 
phonic acid. Its constitution follows from its formation from 
bromo-p-xylene [1:4: 2], and also from bromo-m-xylene 
[1:3: 4], by the Fittig reaction. Nitric acid oxidizes the side 
chains successively. 

3. HemeUithene, 1:2: ^-trimethyhhenzene (see B., 1882, 
1853), is also present in coal-tar (B., 1887, 903). 

(6) Propyl-benzenes. — 1 . «-Propyl-benzene, C q CHg- 
CHg’CHg, is obtained from bromo-benzene and normal propyl 
iodide by the Fittig reaction, and also from benzyl chloride, 
CgHg-CIIgCl, and zinc ethyl or Br-Mg-CgH^. 

2. Isopropyl-benzene or Cumene, C6H5 CH{CH3)2, is pro- 
duced by the di.stillation of cumic acid, C6H4(C3H7)(C02H), 
with lime; from benzene and iso- or normal propyl iodide by 
means of AlClg, in the latter case with molecular rearrange- 
ment (p. 407); and from benzylidene chloride, CgHg-CHClg, 
and zinc methyl, this last method furnishing proof of its con- 
stitution. On oxidation, both compounds yield benzoic acid. 

C10H14. — (a) Durene, 1 : 2 : 4 : 5- or s-tetramethyl-benzene, 
0^112(0113)4, has been found in coal-tar, and can be prepared 
from toluene and methyl chloride by the Friedel-Crafts reaction, 
or from dibromo-m-xylene (from coal-tar xylene), methyl 
iodide, and sodium. It is a solid, and possesses a camphor- 
like odour. (For its constitution see B., 1878, 31.) 

(h) Methyl-propyl-benzenes, 06114(0113)03117. — The most 
important of these is cymene or isopropyl-p-methyl-benzene. 
It is found in Eoman cummin oil {Cuminum cyminum), in 
eucalyptus oil, &c., and is formed when camphor is heated 
with PgSg, or better, P4O10, also when oil of turpentine is 
heated with iodine, &c. It has been synthetically prepared 
from p-bromo-isopropyl-benzene, methyl iodide, and sodium, 
and also from p-bromo-toluene, n-propyl iodide, and sodium, 
the n-propyl changing here into the isopropyl group. It is a 
liquid of agreeable odour. 

Cymene was formerly regarded as normaZ-propyl-p-methyl- 
benzene, but its synthesis from p-brom-iso-propyl-benzene, 
methyl iodide, and sodium established its constitution as an 
isopropyl derivative (cf. Widman, B., 1891, 439). When oxi- 
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dized, it yields eitlier p-toluic acid, terephthalic acid, cumic 
acid, or ^-tolyi-methyl-ketone, according to the conditions. 

^12^18* — Hexamethyl-benzene, Mellilene, from methyl alco- 
hol, acetone, and AI2O3, at 400*", crystallizes in prisms or plates 
which melt at 164*^. It can neither be sulphonated nor nitrated. 
KMn04 oxidizes it to mellitic acid, Cg(C02H)g. 

Compounds derived from the hydrocarbon, C7Hg, isomeric 
with toluene but with a semi-cyclic olefine linking have been 
studied by Auwers (B., 1911, 1595; A., 1921, 425, 217), e.g. 


^ p = CHg- They are more volatile and have lower 
Me^ 

densities than the isomeric tnie benzenes, into which they 
readily pass in the presence of acids. They also readily poly- 
merize and are ttirmed semi-benzene derivatives. 


B. Unsaturated Benzene Hydrocarbons 

The benzene hydrocarbons with an alkene group as a side 
chain may be regarded as aryl derivatives of olefines or even 
acetylenes, e.g. CgHs'CHrCHg, styrene, or phenyl-ethylene; 
CgHg-C : (/IT, phenyl -acetylene. They are formed by the elimina- 
tion of CO2, from the corresponding acids, by the elimination 
of HBr from compounds of the type CgHg-CHg'CHgBr, and by 
the elimination of water from certain secondary and tertiary 
alcohols (C. E., 1901, 1182). 

Styrene or Cinnamene, CgH5-CH:CH2, occurs in storax 
Styrax ojficinalis)^ in the juice of the bark of Liquidambar 
orientale, and in coal-tar. It is formed when cinnamic acid 
is slowly distilled or heated with water to 200°. 

It is also obtained when benzene vapour and ethylene are 
passed through a red-hot tube, or when a-chloro-ethyl-benzene, 
CgHg-CHa'CHgCl (by action of chlorine on ethyl-benzene), is 
heated, or from coal-tar or synthetic ethylbenzene by a pro- 
cess of dehydrogenation (cracking). It is a liquid, has a charac- 
teristic odour, and boils at 145°, and is readily polymerized in 
sunlight or in presence of oxygen, but solutions in light petro- 
leum can be kept for some time if a small amount of an antoxi- 
dant, e.g. quinol, is added. The polymerides of high molecular 
weight are of value in the Plastics industry (Chap. LX, Cl). 
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With HI it yields ethyl benzene, with HBr w-bromo> 
ethylbenzene C 6 H 5 *CH 2 *CH 2 Br, and with Br 2 the dibromide, 
m.-pt. 73°. 

Phenyl-acetylene, CgHg-C-CH, from phenyl-propiolic acid by 
the loss of COg, is a fragrant liquid, b.-pt. 142°, and yields 
white and pale-yellow explosive metallic compounds with 
solutions of silver and cuprous oxides. It combines with 
water to aceto-phenone, CgHg-CO-CHg, when it is dissolved 
in sulphuric acid, and the solution is diluted with water, or 
when heated with water to 300°. With Grignard compounds, 
it yields CgHg-C-C-MgBr, a reagent of use in synthesizing 
acetylenic alcohols. 

Styrene derivatives are obtained by the action of Grignard 
reagents on aromatic ketones, e.g aceto-phenone gives CgH^* 
CMcg-OMgBr and then a-methyl-styiene, CgH 5 CMe:CH 2 . 

The aromatic hydrocarbons form definite compounds with 
picric acid (Chap. XXIV, A.), and these are frequently utilized 
for identifying particular hydrocarbons, and more particularly 
the more complex ones, diphenyl naphthalene, &c. The 
hydrocarbons also form similar additive compounds with 
5-trinitro-benzene. 


XIX. HALOGEN DERIVATIVES 


CeH,a .• 
CACljO .. 

m . . 

OHa-CeH^Clo 


CeHa-CHaCI ^ 
C.CJa 


Cl Br r 


M.-pt. 

B.-pt- 

M.-pt. 

B.-pt. 

M.-pt. 

B.-pt. 

-45° 

132^ 

-31° 

156° 

- 30° 

188° 

liq. 

179 

-1 

221 

+ 27 

286 

liq. 

172 

liq. 

220 

+ 40 

285 

+ 56 

173 

+ 87 

219 

+ 129 

285 

-34 

159 

-26 

181 

liq. 

211 

-48 

172 

-40 

184 

liq. 

204 

+ 7-4 

173 

28 

185 

+ 36 

211-6 

-48 

179 

«... 

109 

+ 24 

decomposes 

229 

326 

— 

— 

— 


Benzene and its homologues can give rise to (A) additive 
compounds with bromine or chlorine, or (B) substituted deri- 
vatives. 
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A. Additive Compounds 

These are of comparatively little importance; they are 
formed when the hydrocarbon is exposed for some time to 
chlorine or bromine vapour in bright sunlight, and are halogen 
derivatives of cyclo-hexane. 

Benzene hezachloride, C^HgClg, exists in two stereo-isomeric 
modifications; the one melts at 157°, and the other sublimes at 
310°. When warmed with alkab, they yield trichloro-benzene 
and HCl. The hezabromide {MatthewSy J. C. S., 1901, 43) 
melts at 212°. 


B. Substituted Derivatives 

Numerous halide substitution compounds are known. They 
are either colourless mobile liquids or crystalline solids, insoluble 
in water but readily soluble in alcohol and ether, distil un- 
changed, and are distinguished by their peculiar odour and 
also, in part, by their irritant action upon the mucous mem- 
brane. They are heavier than water. 

The halide compounds may be arranged in two distinct 
groups. In one the halogen is bound very firmly, far more so 
than in methyl chloride, ethyl iodide, &c. ; it cannot be ex- 
changed for OH (by means of AgOH), or for NHg (by NH3), 
&c., but reacts with sodium (see the Fittig reaction, p. 405); 
A., 332 , 38; and magnesium (see below). All the substituted 
derivatives of benzene and many common derivatives of its 
homologues belong to this class. 

In the second group, of which benzyl chloride is a good 
type, the halogen atoms enter into reaction as readily as do 
those of the halide substitution products of the methane series. 

When the members of the first group are subjected to oxi- 
dation, a process which converts side chains into carboxylic 
groups, chloro-derivativea of benzoic and other acids are ob- 
tained, The members of the second group, when subjected 
to similar treatment, yield aromatic acids which are free 
from halogen, e.g. benzoic acid, CeHs-COgH, phthalic acid, 
C3H4(C02H)2. From this it follows that the halogen is present 
in the first case in the benzene nucleus, and in the second in 
the side chain. Chloro-toluene is CeH 4 CbCH 3 , and benzyl 
chloride 
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When the halogens replace hydrogen of the benzene nucleus, 
the products are extremely stable, and the halogen cannot 
readily be removed from the molecule. 1'hus to replace Cl 
in CeHg-Cl by OH heating to 300° with 20 per cent aqueous 
NaOH is necessary. For exceptions see 2 : 4-dinitrochloro- 
and vS*-trinitrochlorO“benzcne. On the oilier hand, when the 
halogen replaces hydrogen atoms of a side chain (methyl or 
ethyl groups), the compound is extremely reactive, and closely 
resembles the halogen derivatives of the fatty series. In this 
way' it is always easy to arrive at the constitution of a com- 
pound from the behaviour of its halogen atoms and from its 
products of oxidation. Thus a com])ound C 7 HgCl 2 , which yields 
monochloro-benzoic acid upon oxidation, must be a chloro- 
benzyl chloride, CeH 4 Cl*CH 2 Cl. 

The majority of aromatic halogen derivatives, independently 
of the position of the halogen in the side chain or nucleus, 
react in dry ethereal solution (or in benzene in presence of a 
little dimethyl-aniline) with dry magnesium pow^der, yielding 
organo-magnesium compounds, e.g. Cgll^-Mg-Br, phenyl-mag- 
nesium bromide, CeH 5 *Cn 2 -Mg'Cl, benzyl-magnesium chloride, 
&c. These compounds — Grignard's compounds — are chemi- 
cally extremely active, and, like the analogous aliphatic com- 
pounds (Chap. IV, H,), can be employed for the syntheses of 
saturated and unsaturated hydrocarbons, primary, secondary, 
and tertiary alcohols, thiophenols, aldehydes, ketones, acids, &c.. 

The Grignard compounds may also be used for converting a 
bromo-derivative into the corresponding iodo-compoimd, e.g.: 

-> Br — f M^Brl. . 

Mg I, 

The boiling-points of the isomeric halogen substitution pro- 
ducts differ but little from one another (cf. a-, w-, ^-chloro- 
benzene and benzyl chloride). 

The influence of the introduction of F, Cl, Br, or I in place 
of hydrogen on the boiling-point of a hydrocarbon is similar 
to that noted in the fatty series. Iodine raises the boiling- 
point to the greatest extent, and fluorine to the least. 

The halogen derivatives may be nitrated, sulphonated, &c., 
in much the same manner as benzene itself. 

Modes of Formation, — 1 . By the action of chlorine or bromine 
upon aromatic hydrocarbons there are formed, according to 
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the conditioas, cither additive or substitution products, the 
latter class especially in presence of iodine or some other 
halogen carrier. The function of the halogen carrier, e.g. 1, 
P, Fe, &c., is probably to form an additive compound with 
the halogen, e.g. ICI3, PCI5, FeClg, then to give up part or 
the whole of the halogen in the nascent state to the hydro- 
carbon, and then to be immediately converted back into the 
above compounds again (cf. p. 61). In many cases the rate 
of substitution is directly proportional to the concentration 
of the catalyst {Slator, J. C. S., 1903, 729). Iodine only sub- 
stitutes directly under the conditions detailed at p. 62. From 
benzene most of the chlorinated derivatives up to CgCl^ can 
be obtained in succession; the last-named comj>ound is 
formed with the aid of M0CI5, Ida, &c., at a somewhat high 
ti^mperature. A hexabromo- benzene and a hexa-iodo-com- 
pound also exist. In the case of toluene and its hornologues 
the halogen enters the benzene nucleus alone if the operation 
is performed in the cold, with the exclusion of direct sunlight 
or with the addition of iodine; while if the gas is led into the 
boiling hydrocarbon, or if the experiment is conducted in sun- 
light and without addition of iodine, it goes almost exclusively 
into the side chain, yielding C^jII^’CHgCh C3H5*CHCl2 and 
Ci^Hg'CClg (Beilstein; Schramm\ cf. J. C. S., 1910, 1623). 
Bromination of benzene and its alkyl derivatives readily 
takes place in presence of beryllium and water, yielding di-, 
tri-, and even tetra-substituted derivatives CgH^Rg CgBr4R2 
(Pajeau, C. R., 1937, 204 , 1202). 

In the ordinary processes of substitution only half the halogen 
used enters the hydrocarbon molecule, the remainder is used 
up in forming halogen hydride. Working with bromine or 
iodine in the presence of concentrated nitric acid, Datta and 
ChaUerjes (J. A. C, S., 1916, 2545; 1917, 435; 1919, 292) 
obtained good yields of bromo- and iodo-substitution products 
without the formation of halogen hydride. 

The addition of AICI3 to a mixture of sulphur monochloride 
and sulphuryl chloride forms a powerful chlorinating agent 
{Silherrad, J. C. S., 1922, 1015). 

2. From compounds containing oxygen (the phenols, aro- 
matic alcohols, aldehydes, ketones, and acids), by the action 
of phosphorus pentaohloride or bromide: 

+ PCh - CJlfil + POCI3 + HCl; 

Cellj ClirO + PCI, - C.H^’CHCl, + POCl,. 

( S 480 > 


15 



418 


XIX. HALOGEN DERIVATIVES 


3. From the primary amines. The amino is first converted 
into a diazonium salt (Chap. XXII, A.), and this is then warmed 
with solutions of cuprous chloride or bromide, when the corre- 
sponding chlorine or bromine compound is obtained. If the 
diazonium salt is warmed with potassium iodide solution, 
iodo-substitution products are obtained; 

CeH5-N{Cl);N = CelCCl + N,; 

CeH, N(Cl):N + KI « CJl^l + Ng i KCI. 

Gattermamis modification consists in transforming the amine 
into the diazoniiim chloride, bromide, or iodide, and then de- 
composing this with finely-divided copper ])owder (kSandmeyer^ 
B., 1884, 1633, 2650; Gattermann, B., 1890, 1218): 

CeH, NI;N OeilJ -f N,. 

p-Dibromo-benzene is obtained, together with bromo-ben- 
zene, by bromination of benzene in jiresonce of a little iron. 

The tricMoro-benzene which results by direct substitution 
has the (asymmetric) constitution 1:2:4. It may also be 
formed by the separation of 3HC1 from CgHeClg, 

Hexachloro- and hexabromo-benzenes are produced by the 
prolonged chlorination or bromination of benzene, toluene, 
naphthalene, &c., and also from carbon tetrachloride and 
bromide; cf. p. 403. They are solids and can be distilled. 

When toluene is chlorinated or brominated, as given on 
p. 417, the para- and ortho-compounds are formed in aj)proxi' 
mately equal quantities. w-Chloro-toIuene is obtained from 
chloro-p-toluidine, C„H 3 CI(NH 2 )CH 3 (from p-toluidine and Cl), 
according to method 3. Oxidation by HNO 3 , CrOg, or KMn 04 
converts them into the halogenated benzoic acids, but chromic 
acid mixture must only be used in the ca^e of the p- and m-, 
and not in that of the o-compou:ids, as it completely disin- 
tegrates the latter. 

Benzyl chloride, CgH^-CHgCl {Canuizaro), is prepared by 
chlorinating boiling toluene, and benzyl bromide in an analo- 
gous maimer; the latter can be converted into benzyl iodide 
by potassium iodide solution. The behaviour of these com- 
pounds shows them to be the halide esters of benzyl alcohol, 
CgHg-CH^’OH, from which they may be obtained by the 
action of halogen hydride, or of halogen derivatives of phos- 
phorus, and into which they are transformed by prolonged 
boiling with water, or better, with a solution of potassium 
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carbonate. When boiled with potassium acetate, the chlorid<‘ 
yields benzyl acetate, with potassium sulph-hydrate the mer- 
captan, and with arhmoriia the amine. 

The compounds containing halogen in the side chain irritate 
the mucous membrane of the nose and eyes exceedingly, and 
are used as lachrymatory gases. On oxidation they yield ben- 
zoic acid. Benzyl chloride is used on the large scale for the 
preparation of oil of bitter almonds and also of certain dyes. 

BenzaJ chloride, Benzylidene chloride, CgHg-CIICla, and 
benzo- trichloride, CeH^-CCla, are produced by the further 
chlorination of boiling toluene and also by the action of PCI5 
upon the corresponding oxygen compounds, benzaldehyde, 
CflHg-CllO, benzoic aci(l, Cglig-COgH, and benzoyl chloride, 
CgHg-COCl. They are liquids resembling benzyl chloride, 
and are reconverted into the original oxygen compounds by 
au])erheating with water, and into benzoic acid by oxidizing 
agents. 

Chlorobromo-benzenes, C6H4ClBr, chlor-iodo-benzenes, and 

other mixed derivatives also exist in large number. 

Substitution compounds of unsaturated hydrocarbons are 
likewise known, e.g. /S-bromo-st3rrene, CeH^CBrrCHg, a- 
or co bromo-styrene.CeHg CH-.CHBr, &c. 

Iodine Derivatives containing a Pol3rvalent Iodine Atom. — 
The iodine atom attached to the nucleus may in many cases 
unite with other atoms, and thus exercise a higher valency. 
The compounds thus obtained have but few analogues in the 
fatty series, an example is iodoso-fumaric acid. 

Phenyl-iodide dichloride, CgHg-IiClg (Willge^odt, 1893 ), is 
formed as a yellow crystalline compound when dry chlorine is 
led into a chloroform solution of phenyl iodide. The chlorine is 
loosely combined, and may be removed on warming, or by the 
action of potassium iodide. Alkalis transform the dichloride 
into iodoso-benzene, CgHg-IiO, a yellow amorphous base 
which dissolves in acids, yielding salts, e.g. acetate, 
CeH5-I(C2H302)2, nitrate, CeH5*I(Q-N02)2, &c. The base de- 
composes when heated, oxidizes potassium iodide solution, and 
when kept or when distilled in steam is converted into phenyl 
iodide and iodoxy-benzene, CgH^-IOg. This latter is crystal- 
line, explodes when heated, is not basic, and resembles per- 
oxides. It may also be prepared by oxidizing the iodoso- 
compound or even the iodide with Card's reagent. 

lodonium compounds (Hartmann and F. Meyer, B., 1894 , 
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1592), e.g. diphenyl-iodonium iodide, and the 

corresponding hydroxide, (CeH5)2l*()H, can be obtained when 
a mixture of iodoso- and iodoxy- benzene is shaken with moist 
silver oxide: 

+ CA-IO, + AgOH = (C.Hd.IOH + AglO^. 

lodonium compounds are also formed by the action of 
iodic and sulphuric acids on compounds CgH 5 X, where X H, 
Me, Cl, Br, I (J. C. S., 1937, 1718). The reaction may be due 
to iodous acid HlOg formed from the iodic acid: 

HlOg 4 2CeH5 H + H,0. 

The hydroxide which is only known in solution has strongly 
alkaline properties. The salts, which crystallize well, closely 
resemble the thallium salts. It is highly probable that the 
three valencies of the polyvalent iodine atom in these iodo- 
nium salts lie in the same plane, as, according to Peters and 
Ki'pjniig (J. C. S., 1902, 1350), stereo-isomerides of the form 
RRT-X do not appear to exist, and no resolution into optically 
active components can be effected. 


XX. NITRO-8UBSTITUTION PRODUCTS OF THE 
AROMATIC HYDROCARBONS 

When benzene and its derivatives are treated with concen- 
trated nitric acid, most of them are easily dissolved, with evo- 
lution of heat, and transformed into nitro-compounds which 
are precipitated on the addition of water. According to the 
conditions of the experiment and the nature of the compound 
to be nitrated, one or more nitro-groups enter the molecule 
(see, e.g., phenol). The nitro-groups substitute in the nucleus, 
and only very seldom in the side chain (cf. p. 424). 

Very often fuming nitric ’acid or a mixture of fuming nitric 
and concentrated sulphuric (or fuming sulphuric) acid is used. 
The advantage of the addition of sulphuric acid is to keep 
the nitric acid from becoming too dilute. The stronger the 
acid and the higher the temperature, the larger the number of 
nitro-groups introduced. The homologues of benzene are, as 
a rule, nitrated more readily than benzene itself. 
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Anhydrous pyridiniuni nitrate in presence of excess of pyri- 
dine is useful for nitrating the higlier hydrocarbons. {Bull. 
Soc., 1922 (IV), 31 . 91.) 


SUMMARY 




Positions of 
Substituents 

M.-pt. 

B.-pt. 

Sp. 

Kt. 


Nitro* bon zc3ne 


4 6^ 

210° 

1*204 


0 - 1 )i nitro- benzene 

1 : 2 

117 

319 

— 

m- 1 )iiiitrf>-bf*nzene 

1 : 3 

00 

297 

— 


p-Dinitro-bftjzene 

1 . 4 

171 

— 

— 


Tn 11 i t ro - be rizeiio 

1 ; 3 ; 6 

122 

t 

— 

a.v-Trinitro-bfnzone 

1:2:4 

o7-5 


— 


o-Nitro-tuiiienc 

♦1 2 

~ 10-5 

222 

M6S 

w-Nitro-tolu€>ne 

1 : 3 

4 16 

228 

1168 


p-Nitro-toIiiene 

1 : 4 

64 

238 

|M23 

1(54°) 

CH,-C,H,-(NOs), 

2;4-Dinitro-toluene 

1:2:4 

70 

t 

2:6-1 )imtro-tolueno 

1 • 2 : 6 

60 


— 

CH3-O.H,(NOa, 

2; :4 : (i-Trinitro- toluene 

1 : 2 : 4 : 6 

81 

— 

— 


4- Nitro- xylene 

1:3:1 

42 

246 

M33 

(CflalAHjNO, 

Nitro-mesitylou© . . 

1:3: 5 : 2 

44 

255 

— 


Nitro -compounds are also produced by the action of nitrous 
acid upon diazonium compounds in the presence of cuprous 
oxide {Sandmeyety B., 1887, 1494): 

C,H,NC1:N + HNO, - + HCl ^-N^, 

and also by the oxidation of primary aromatic amines: 

CeH^-NO, 

{Bamberger, B,, 1893, 496). These reactions, however, are 
mainly of theoretical interest. They cannot, however, be pre- 
pared according to mode of formation 1 for nitro-methane 
(p. 101), i.e. by the action of AgNOg on CgHgCl, &c. 

The nitro-compounds are, for the most part, pale-yellow 
liquids which distil unchanged and volatilize with water 
vapour; some form colourless or pale-yellow crystals; some- 
times they are also of an intense yellow or red colour. Many 
of them explode when heated. They are heavier than water, 
and insoluble in it; but most of them are readily soluble in 
alcohol, ether, and glacial acetic acid. 

The nitro-group in most aromatic nitro-compounds is 
firmly attached as in the case of the nitro-methanes, and is not 

• The positions of CH. group, or groups, are always given first, 
t Most of the polynitro-compounds are volatile, but decompose when heated 
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exchangeable for other groups. Like the latter c()m}>ouii(.ls 
also, they are readily reduced in acid solution to the corre- 
sponding amines; in alkaline solution they are converted into 
azoxy-, azo-, and hydrazo-compounds (see these), and in 
neutral solution into hydroxylamine derivatives. 

When reduced electrolytically, nitro-benzene can yield 
either phenyl- hydroxylamine, which is imme- 

diately transformed into p-aniino-phenol, OTI-CgH4*NH, 
{Gafier7na7in, B., 1893, 1814; 1894, 1927), or it can yield 
aniline. When hydrogen is passed into an alcoholic solution 
of nitro-benzene containing colloidal palladium, aniline is 
formed (cf. Chap. XLIX, A^). 

Nitro-benzene, C6n5(N02) {Mitscherlich, 1834), is formed 
when a mixture of sulphuric and the calculated quantity of 
nitric acid is added to benzene. It is a yellow liquid wdth an 
intense odour of oil of bitter almonds, solidifies in the cold, 
melts at +5"^, and is used as a cheap scent for soaps and also 
for the manufacture of aniline. 

Dinitro-benzenes, CgH4(N02)2, are produced when benzene 
is boiled with fuming nitric acid; in this, as in all analogous 
cases, the two nitro-groups take up the meta-position to one 
another, very little of the o- and p-componnds being formed, 
and after crystallizing from alcohol, pure m-dinitro-benzene is 
obtained in long colourless m'cdlcs. 

The o-compound crystallizes in plates and the p-comj)ound 
in needles, both being colourless; they are prepared indirectly 
by eliminating NH2 from the corresponding di-nitranilines. 

When reduced, they yield first the three nitranilines, and 
then the phenylene-diamines (Chap. XXI, E.). 

o-Dinitro-benzene exchanges a nitro-group for hydroxyl when 
boiled with caustic soda, and for an amino-group when acted 
on by ammonia, yielding o-nitro-phenol, 0^114 (NO2) (OH), and 
o-nitraniline, CgH4(N02)(NH2), respectively. These reactions 
appear to be characteristic of all compounds containing two 
nitro-groups in ortho-positions. The zw-oompound is oxidiz- 
able by K3FeCeNg to a- and jS-dinitro-phenol. 

t9-Trmitro-benzene crystallizes in colourless plates, melts at 
122°, and forms additive compounds with aromatic hydro- 
carbons, phenols, and especially with aromatic bases, e.g. ani- 
line, naphthylamine. Most of these are well-defined crystal- 
line compounds of red, reddish-brown, or black colour, and are 
readily resolved into their components by warm mineral acids. 
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Nitro-toluenes, CH3*CftH4*N02. — When toluene is nitrated, 
the ‘p- and o-compounds, with very little m-compound, are 
formed. The first is solid, crystallizing in large prisms, and 
the second liquid, the latter being used as a perfume under 
the name of “oil of mirbane”; both are employed in the 
colour industry. m-Nitro-toluene can be prepared indirectly 
from m-nitro-p-toluidinc, C^Il 3 (CH 3 )(N 02 )(NH 2 ), by the elimi- 
nation of the amino-group (Chap. XXII, A.). Further 
nitration gives rise to: 

Dinitro- toluenes, CH3*C6H3(N02)2, of the constitution 
CIT3:N02:N02 -=1:2:4 and 1:2:6, the two nitro-groui)s 
being again in the m-position to one another in both cases, and 
finally to s-trinitro-t^)luene, “ T.N.T.“, an important high 
explosive. With anunonium nitrate it forms amatol. 

Most of these nitro-comj)oimds are of great technical im- 
portance, on account of the readiness with which they are 
reduced to amines. 

Several polynitro -compounds are used as “ artificial musk “ 
odours: 1. Xylene musk from m-xylene which with tertiary 
butyl chloride by the Friedcl-Crafts reaction yields 1 : 3- 
dimethyl-5-tert-butyl-benzene, and this on nitration gives the 
musk 1 : 3-dimetbyl-5-tert-butyl-2 : 4 : 6-trinitro-benzene 
C6Me2(N02)3. 2. Ambretta musk, obtained in a similar man- 
ner from ?;?-cresol, is l-raethyl-2-tert-butyl-5-methoxy‘3 : 6- 
dinitrobenzene. 3. Musk ketone, with a civet odour obtained 
from m-xylene by introducing the butyl group, then the 
acetyl group, and finally nitrating is 1 : 3-dimethyl-5-tert- 
butyl-2-acetyl-4 : 6-dinitrobenzene, 

Chloro- and Bromo-nitro-benzenes. — When chloro- or bromo- 
benzene is nitrated, p-chloro- (or bromo-) nitro-benzene is 
formed, together with smaller quantities of the o-compounds. 
The w-compounds must be prepared indirectly by replacing 
an amino-group in m-nitraniline by halogen. The p-deriva- 
tives have a higher melting-point than their isomers, and the 
m-componnds for the most part a higher one than the o-deri- 
vatives, this law frequently repeating itself in other cases also. 
The p-derivatives are usually also less soluble in alcohol. The 
o- and p-compounds, but not the m-, exchange halogen for 
hydroxyl when boiled with potash, and for the amino-group 
when heated with ammonia. 

In s-trinitro-chloro-benzene, CeH2(N02)3Cl, and in l-chloro- 
2 : 4-(linitro-benzene the chlorine atoms have been rendered so 
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readily exchangeable, that the compounds behave as alkyl 
chlorides, or even as acid chlorides; hence the name ‘‘ picryl 
chloride ”, the chloride of picric acid (Chap. XXIV, Al), for 
the former compound. 

m-, and p-Nitro-styrenes, N 02 C 5 H 4 -CH:CH 2 , can be 
prepared by indirect methods. p--Nitro-styrene, CeH,-CH: 
CH-NOg, which is formed by the action of nitrous acid on 
styrene, contains the nitro-group in the side chain, since it 
can be prepared from benzaldehyde and nitro-methane by 
means of zinc chloride: 

C^Hj CHO + CH3 NO2 - CeH. CHrCH NOj, HgO. 

o-Nitro-phenyl-acetylene, NOgC^jH^C; CH, formed when 
o-nitro'phenybpropiolic acid is boiled with water, crystallizes 
in colourless needles. 

Phenyl-nitro-methane, CgHg-CIIg^NOg, isomeric with the 
nitro-toluenes, is the most typical of the aromatic nitro-deriva- 
tives with a nitro-group in the side chain. It is formed by the 
action of nitric acid (I) 1 - 12 ) on toluene under pressure, and 
also by the action of benzyl halides on silver nitrite (cf. Nitro- 
methane). It is a true nitro-derivative, and not an allcyl 
nitrite (benzyl nitrite, C^Hg-CHg-O-N : 0 ), as it is not readily 
hydrolysed, and when reduced yields benzylamine, C^Hg- 
CHg-NHg. It exists in two distinct modifications, which are 
readily transformed into each other. As generally prepared, 
it is a colourless liquid with a characteristic odour, boils at 
225 °-- 227 °, and dissolves to a certain extent in water, yielding 
a solution which does not give a coloration with ferric chloride. 
The second modification, which is a crystalline solid melting 
at 84®, is formed when the sodium derivative obtained from 
the oily compound is decomposed in the cold by hydrochloric 
acid. The solid modification is relatively unstable, and 
gradually passes over into the oily form. The solid is probably 
a hydroxy-compound, since (a) its aqueous solution gives a 
red-brown coloration with ferric chloride, ( 6 ) it reacts with 
phenyl-carbimide, (c) it reacts with PCI 5 , and (d) with benzoyl 
chloride it gives dibenzhydroxamic acid, CeHg’CO’NH-O* 
COCgHg (from Cellg-CHiNCO COCgHg) : 0 . 

The two forms are thus: 

OU, N/ . Solid, CeH,'CH=-N<f 

^0 ^ OH. 
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The tendency to form tA'onitro-compounds is also shown by 
certain aliphatic nitro -compounds. (Cf. Absorption Spectra, 
Chap. LXXI, D.) 

The oily compound, although it gives rise to a sodium salt, 
is, strictly speaking, not an acid ; it is what is termed a pseudo- 
acidy and before it yields a sodium salt it undergoes intra- 
molecular rearrangement, yielding the true acid — the ^ 5 onitro- 
compound. When the sodium salt is treated with a mineral 
acid, the 25onitro-compound, or true acid, is first formed; but 
as this is unstable, it gradually changes over into the true 
nitro- or pseudo-acid form. Numerous examples of pseudo- 
acids, i.e. compounds which on formation of metallic salts 
undergo intramolecular rearrangement so that the original 
substance has a structure different from that of the salt, have 
been investigated by Hanizsch (B., 1899, 575; 1902, 210, 226, 
1001; 1906, 139, 1073, &c.), who describes the following as 
some of the most characteristic criteria of pseudo-acids (cf. 
also Chap. LXXI, J.): 

1 . The compound is a pseudo-acid if it gradually neutralizes 
an alkali. The pseudo-acid, as such, does not neutralize the 
base, but is first transformed into the isomeric true acid, 
which then neutralizes the alkali. If the transformation is 
slow, then the process of neutralization is also slow. Similarly, 
if when a solution of a salt of the acid is decomposed by an 
equivalent quantity of a mineral acid, the electrical conduc- 
tivity gradually falls to that required for the metallic salt of 
the mineral acid, it indicates that the acid is a pseudo-acid, e.g. 
barium tsonitro-methane 4- HCl give isonitro -methane -f BaClg, 
and then nitro-methane 4- BaC^. Isonitro-methane is a fairly 
strong acid, and hence is dissociated to an appreciable extent; 
as it becomes transformed into nitro-methane (the pseudo- 
acid) the conductivity will diminish, as nitro-methane is an 
extremely feeble acid — scarcely ionized. 

2 . If the original compound is extremely feebly acidic, and 
yet yields a sodium derivative which dissolves in water yield- 
ing a practically neutral solution, then the compound must be 
a pseudo-acid. It is a well-known fact that only sodium salts 
derived from comparatively strong acids, e.g. NaCl, NagSO^, 
Nal, &c., dissolve in water to neutral solutions, i.e. are not 
hydrolysed by water. The sodium salts derived from feeble 
acids are always appreciably hydrolysed, e.g, NagCOj, CH 3 * 
COONa, &c. Hence if the sodium salt is not hydrolysed to 

<B 480) IS* 
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an appreciable extent, tlie salt must be derived from a strong 
acid (the true acid), and the non- or feebly acidic compound 
must be the pseudo-acid. 

3. If the compound in question will not yield a salt with 
ammonia in an anhydrous solvent, e.g. dry benzene, but will 
do so in the presence of water, e.g. in moist ether, then the 
substance is a pseudo-acid. The formation of a salt in dry ether 
does not necessarily indicate that the substance is a true acid. 

4. If the compound dissolves in water or in other dissociating 
(ionizing) media to a colourless solution, but yields a coloured 
solid salt or coloured ions when dissolved in alkalis, it is a 
pseudo-acid. 

5. An abnormally high temperature coefficient for the elec- 
trical conductivity and an increase in the coefficient with rise 
of temperature are further indications of pseudo-acids. 

Nitro-methane, bromo-nitro-me thane, dibromo-nitro-meth- 
ane, nitro-ethane, phenyl-nitro-methane, phenyl-bromo-nitro- 
methane, in addition to numerous other organic compounds, 
e.g. cyanuric acid, react as pseudo-acids. 

NITROSO-DERIVATIVES OF THE HYDROCARBONS 

Nitroso-benzene, C^jHg’NrO, an aromatic compound which 
contains the nitroso-group, *N:0, in place of a benzene hy- 
drogen atom, is produced by the action of nitrosyl chloride, 
NO'Cl, upon mercury diphenyl dissolved in benzene; it is 
also obtained by the oxidation of diazo-benzene with alkaline 
permanganate, and most readily by the oxidation of phenyl- 
hydroxylamine with chromic acid or ferric chloride. Its for- 
mation by the oxidation of the amine with Caro's reagent 
(ammonium persulphate and sulphuric acid) afiords a simple 
method of replacing NHa by NOg as the nitroso- is readily 
oxidized to the nitro-group. It forms colourless plates, melts 
at 68^^, yields green solutions, and possesses a powerftil odour 
similar to that of cyanic acid. The solid is dimeric but dis- 
sociates in solution, and an ortho-group tends to retard dis- 
sociation. When reduced it yields aniline. It readily condenses 
with different compounds, e.g. with aniline in the presence 
of acetic acid to azo- benzene: 

C^Hj NrO + H,N CA - H.O + C,H, N : N*C,H„ 
and with phenyl-hydroxylamine to azoxy-benzene. 
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Nitroso-derivatives of tertiary amines are obtained directly 
by the action of nitrous acid upon the latter (See Nitroso- 
dimethyl-aniline, NO-Cell^-NiCHala, Chap. XXI, C.) 


XXL AMINO -DERIVATIVES OR ARYLAMINES * 

(See Table, following page) 


Aniline, the simplest of the aromatic bases, may be regarded 
(1) as benzene in which a hydrogen atom is replaced by the 
amino-group (“ amino-benzene ”), or (2) as ammonia in which 
a hydrogen atom is replaced by phenyl, CgHg*, (“ phenyl- 
amine ”). According to the former view, amino-compounds 
can be derived from all the benzene hydrocarbons, and not 
only monaminea (containing NH^), but also diamines (2NH2), 
triamines, &c. ; according to the latter, the phenyl group 
may enter anew with the formation of secondary or tertiary 
amines. Secondary and tertiary amines, and even quaternary 
ammonium compounds, may also result from the entrance of 
alkyl-radicals into the above monamines, diamines, &c. 
Amines are also known in which the NHg group is attached 
to a carbon atom of a side chain, e.g. CgHg-CHg’NHa. These 
compounds differ in many respects from aniline and its homo- 
logues. 

An extraordinarily large number of aromatic bases are thus 
theoretically possible, and also actually known. In certain 
respects they closely resemble the aliphatic amines, e.g. they 
form salts with aci^, e.g. C^HjNHg, HCl, and complex salts, 
e.g. platinichlorides and aurichlorides, 2CgH5NH2, HgPtClfl and 
C^H^NIIg, lIAuCl4; they possess a basic odour, give rise to 
white clouds with volatile acids, and distil for the most part 
unchanged, &c. As a rule, however, they are weaker bases 
than the aliphatic amines, since the phenyl group, CgH^, pos- 

• To distinguish between monovalent alcoholic or hydrocarbon radicals 
of the fatty and aromatic series the following system has been suggested: 
The term alkyl group comprises all such monovalent radicals whether of 
the aliphatic scries, e.g. CH„ C,Hs, or of the aromatic, e.g. CH, C 4 H 4 , 

&c. The purely aliphatic alkyl radicals arc termed alphyl ^oups, 
and th« aromatic, aryl {Vorl&nder, J. pr. [2], 69, 247). Thus aniline is often 
spoken of as a of the aiylamines* 
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sesses a negative (acylous) character, and not — like the alphyl 
radicals — a positive (basylous); thus the salts of diphenyl* 
amine are decomposed even by water, and triphenylamine 
no longer possesses basic properties, while dimethyl-aniline 
has a strongly-marked basic character. 

The diamines have a more strongly basic character than the 
monamines, and are more readily soluble in water. 


ANILINE AND ITS HOMOLOGUES 




Po«iittons of 



M,-pt. of 

Formul* 

Name 

Suhsiituents 
Ml, in 1 


B.-pt. 

Acetvl 

Derivative 


Aniline 

— 

-8° 

184 

114° 


o-Toluidine 

1:2 

liq. 

199 

109 


m-Tuluidine .. 

1 : 3 

liq. 

100 

66 


7j-T(dnidino 

1 : 4 

43 

200 

145 


ar/j.-o-xylidene 

1:2:3 

liq. 

223 

134 

ii myrti . -o- x yl idene 

1:3:4 

40 

224 

99 


m/j.-rn-xylidono 

1:2:6 

liq. 

215 

177 


7?-xylidene 

1:2. 5 

16-5 

213 

139 

r,H,Me3*NIT, 

Mesidino 

1 : 2 : 4 : 6 

liq. 

229 

216 

I’seudo-cumidine 

1:2:4:5 

68 

234 

361 

rjf-NHMe 

MctJiyl-aniline 





194 

101 


I)inicthyl-aDilii»o 

.... 

— 

193 

163^ 

(:,H, ?sHEt .. 

Fthyl-aniline . . 


— 

206 

53 

C^H^ NEt* .. 

l>iethyl-anib'ne 


— 

216 

U2* 

C^H^CH.NH, 

Benzylamin*' . . 

• ni.-pt. of pi(Tiite, 

~ 

184 

61 


A. Primary Monamines 

Isomers . — The isomerism of the aromatic is in part analogous 
to that of the fatty amines (p. 115), e.g. dimethyl-aniline is 
isomeric with the methyl-toluidines and the xylidines. Cases 
of isomerism are also caused by the amino-group being present 
in the benzene nucleus in the one case, and in the side chain 
in the other. Finally, position isomerides are frequently met 
with, e.g. 0 -, W-, and p-toluidines, CH 3 ’CeH 4 -NH 2 . 

Constitution , — As already seen at pp. 115 et seq,, amines are 
very easy to characterize as primary, secondary, &c. In 
addition, their modes of formation, and also their behaviour, 
show whether the amino-group of a primary amine is present 
in the benzene nucleus or in the side chain. 
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Modes of Formation. — 1. The moBt important mode of pre- 
paration of the primary arylamines, whether mono- or di-, &c., 
is the reduction of the corresponding nitro-compounds: 

C.Hs-NOj -f 6H - 2H*0 4 CeH, NH, 

Nitro-benzenc Aniline 

C«Il4(N02)2 + 12H - 4H,0 4 0«H4(NIF)2. 

Dinitro-Vjcnzene Phenylene-diamine 


The usual method of introducing an amino-group into a 
benzene hydrocarbon is to first nitrate and then reduce. An 
interesting direct method for the introduction of the NITg 
group is by the action of ferric or aluminic chloride on a mix- 
ture of the hydrocarbon and hydroxylamine hydrochloride 
(B., 1901, 1778): 

CeHe 4 NHj OH « H^O 4 


The reduction of nitro- to amino-compounds takes place 
most readily in acid solution, e.g. by the gradual addition of 
the former to a warm mixture of tin or stannous chloride 
and hydrochloric acid. On a manufacturing scale, iron and a 
limited amount of hydrochloric acid are used (Bechamp), also 
frequently 2 dnc dust and hydrochloric or acetic acid. Am- 
monium sulphide {Zinin), ferrous sulphate, and bar)rta water, 
&c., also effect the reduction, (See Aniline and Chap. XLVII 
on Reduction.) With alkaline reducing agents the products 
are usually azoxy-, azo-, or hydrazo-compounds (cf. Chap. 
XXII, a). 

Aniline and its homologues may also be obtained. by the 
electrolytic reduction of nitro-compounds. 

Ammonium sulphide acts more mildly than tin and hydro- 
chloric acid, and is therefore of special value for the partial 
reduction of dinitro-compounds (see Nitraniline). An alcoholic 
solution of stannous chloride containing hydrochloric acid may 
also be used for this purpose (B., 1886, 2161). 

Amines are also formed when nitroso-compounds and aryl- 
hydroxylamines are reduced. 

2. By heating phenols with the compound of zinc chloride 
and ammonia, or of calcium chloride and ammonia, to 300° 
(Merz), secondary amines being formed at the same time: 

HjN - 4 H,0. 
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This reaction proceeds more easily in the presence of nega- 
tive groups, e.g. with the nitro-phenols (B., 1886, 1749). 

3. By distilling amino-acids with lime, sometimes by merely 
heating them alone : 

NH. CeH^ CO.H C.Hs NH, + CO,. 

4. When the hydrochlorides of secondary and tertiary 
amines of the type of mono- and di-methyl -aniline are heated 
in sealed tubes, the methyl groups wander from the nitrogen 
atom to a carbon atom of the benzene nucleus, e.g. methyl- 
aniline hydrochloride at 335° yields toluidine hydrochloride: 

CA-NHCH,, HCl « CH3 CeH4 NH„ HCl. 

The methyl groups invariably take up the o- or p-, and not 
the m-position, with respect to the amino-group. 

Similarly, the final product obtained by heating phenyl- 
trimethylammonium iodide, CgHg-NMegl, is mesidine hy- 
driodide, CeH 2 Me 3 *NH 2 [NH 2 :Me 3 - 1 : 2 ; 4 : 6 ♦]. Diphenyl- 
amine hydrochloride does not behave in a similar manner. 

This reaction, often known as the Hofmann reaction, is of 
considerable service in obtaining the higher homologues of 
aniline from aniline, toluidine, &c. Aniline is readily con- 
verted into dimethyl-aniline, and when the hydrochloride of 
this is heated to about 300° the methyl groups wander from 
the side chain into the nucleus (cf. Chap. XXXVIII): 

CeHg NMe, -> CeHgMej NH,. 

5. Primary amines can be obtained from acid amides by 
Hofmann^s reaction (cf. p, 212), viz. treatment with bromine 
and alkali, or from acid azides, R-CO-Nj. When boiled with 
alcohol the azide yields nitrogen and, by molecular rearrange- 
ment, a urethane, R*NH*CO*OEt, and this on hydrolysis 
gives a primary amine, RNHa- 

6. The aromatic amines cannot, as a rule, be obtained by 
heating chloro-benzene, &c., with ammonia unless there is a 
nitro-group in the ortho- (or para-) position with respect to 
the halogen. Benzylamine, however, and all analogously 
constituted bases, which contain the NH, group in the side 
chain, can be obtained by the methods employed for the pre- 
paration of aliphatic amines. Thus benzylamine is formed by 

• The numbers 1 : 2 : 4 : 6 indicate the relative positions of the amino- 
and three methyl -radicals in the benzene ring. 
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the action of ammonia, or better, of acetamide upon benzyl 
chloride (the latter method gives acetyl- benzylamine, which 
can be readily hydrolysed). 

Properties . — The primary monamines are either liquid or 
solid crystalline bases. They are colourless when pure, but 
reaflily become brown when exposed to the air, largely owing 
to the presence of small amounts of impurities, and possess a 
weakly basic though not disagreeable odour. Aniline is some- 
what soluble in water (1 : 31), its homologues less so. 

Behairiour. — 1 . With acids most of them form crystalline 
salts, the majority of which are readily soluble in water. 
They do not, however, unite with very weak acids, such as 
carbonic, and they are therefore separated from their salts in 
the free state by sodium carbonate, and in some cases even by 
sodium acetate (when no acetates exi.st). The arylamines are 
weaker bases than ammonia, and the introduction of Cl or 
NO 2 into the ring depresses the basic function still further 
{Farmer and Warih, J. C. S., 1904, 1713; Arnall, 1920, 837). 
The crystalline picrates are often used for characterizing par- 
ticular amines. They yield sparingly soluble complex salts, 
such as platinichlorides, (CeH5NH2)2, HaPtCl^j, auri-chlorides, 
CgHgNHg, HAUCI 4 , and similar compounds with stannous, 
stannic, and zinc chlorides. 

All salts of the bases are readily decomposed by strong 
alkalis, and the free bases are regenerated. Even in aqueous 
solution the salts are largely split up into free acid and free 
base; the result is that the strength of a solution of aniline 
hydrochloride may be determined by titrating the hydrochloric 
acid present by standard alkali hydroxide, using phenol- 
phthalem as indicator. This is not due to the fact that the 
salt is completely hydrolysed in aqueous solution; in reality 
there is a state of equilibrium represented by the equation: 

C«H, NH,CI ^ CeHjNH, + HCl, 

and as the HCl is neutralized by the addition of alkali, more 
of the aniline salt is decomposed in order to restore the equi- 
librium. This continues until the whole of the salt is decom- 
posed, and the HCl neutralized by the alkali. 

The amines also form additive compounds with numerous 
metallic salts, e,g. 2CeH7N -h ZnClj, 2CflH7N -f- HgCla, &c. 

2. When aniline is heated with potassium or sodium, the hy- 
drogen is replaced by metal with formation of the compounds 
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CgH5NHK and CgH^NKj. These yield di- and tri-phenylamine 
with bromobenjzene, and decompose immediately with water. 

3. The primary arylamincs react with methyl iodide, benzyl 
chloride, &c., yielding secondary, tertiary, and even quaternary 
salts : 

CeH, NH(CH 3 ),HI; HI; 

The secondary and tertiary bases can be liberated from their 
hydriodides by soda, but moist oxide of silver must be used in 
the case of the ammonium bases (see p. 119). 

4. Just as the ammonium salts of acids can eliminate water, 
yielding amides, so the aniline salts can yield anilides, e.g. 
aniline acetate gives acetanilide: 

CHy CO ONHaC.tb - CHa-CO NlfCJi^ + 11,0. 

These anilides may be looked upon either as acylated 
amines or as phenyl ated amides as represented in the 
formula ClT3‘CO*NH*CgH5. They are in every reB[>eot analo- 
gous in their chemical behaviour to the ordinary amides, 
especially to the alkylated amides (p. 210), being hydrolysed 
to the acid and aniline by alkalis, and being formed by analo- 
gous methods, e.g. by heating the acid, or better, its anhydride 
or chloride, with the amine in question, thus: 

+ CH 3 COCI » CHj CeH^ NH'CO CH, 4 HCl. 

Toluidine Acet-toluidide 

6. Aliphatic aldehydes react with the primary bases, with 
elimination of water, thus: 

CH 3 CHO + 2C«H6 NH, - CHg-CHfNH C.HJ, -f H.O. 

Rthylidene-diphenyl-diamine 

Aromatic aldehydes, however, react as follows: 

C,H, CHO -I- NH, CeH 3 CeH. CH I N CJI, + H,0. 

In this case an additive compound appears to be first formed, 
C0H5*CH(OH)*NH-CgH5, and this loses water, yielding ben- 
zylidene aniline, C6H5-CH:N-CgH5, an example of a Schiff’s 
Base or Azomethine. 

Products of this type can also be obtained with fatty alde- 
hydes, but they polymerize readily. 

6. When warmed with chloroform and alcoholic potash, the 
primary bases, like those of the fatty series, yield isonitriles 
of stupefying odour. When they are warmed with carbon 
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disulphide, thio-oreas are formed, and from the latter isothio- 
cyanates (mustard oils) by treatment with phosphoric acid (cf. 
pp. 312 and 333). 

7. Bromine and chlorine, especially in the form of sodium 
hypochlorite or hypobromite, react with amines, forming sub- 
stituted derivatives of the type CgHg-NUBr, in which the 
halogen is attached to nitrogen. These compounds are ex- 
tremely unstable, can only be kept at low temperatures, and 
the halogen atom readily passes from the side chain into the 
benzene nucleus, C^Hs-NHEr CgHJlr-NHa, usually into 
the para-position (Chatiaway and Orton, J. C. S., 1899, 1046; 
1900, 134, 152, 789, 797; also Chap. XXXVIII). 

8. Nitrous acid converts the primary aromatic amines in 
acid solution into diazonium salts (Chap. XXII, A., I.), and in 
the absence of acids into diazo-amino-compounds (Chap. XXII, 
B.). For discussion of action of nitrous acid on primary and 
secondary amines see Oddo, 6 ., 1914, 44, ii, 209. 

9. The oxidation products of the primary bases vary with 
the conditions, e.g. azo-benzene, nitroso-benzene, nitro-ben- 
zene, ^-amino-phenol, phenols, qui nones, azo-compounds, 
aniline black, &c. 

10. The bases which contain the amino-group in the side 
chain possess, in contradistinction to the purely aromatic 
amines, the character of the amines of the fatty series, and 
cannot, therefore, be readily diazotized as they tend to form 
the corresponding alcohol. 

Aniline, amino-benzene, Phenylamine, CgH 5 *NH 2 , was first 
obtained in 1826 by Vnverdorben from the dry distillation of 
indigo, and termed by him “ crystalline then Runge found 
it in coal-tar in 1834, and called it “ cyanol In 1841 Friische 
prepared it by distilling indigo with potash, and gave it the 
name of aniline; while in 1842 ZAnin obtained it by the re- 
duction of nitro-benzene, and called it “ benzidam It was 
accurately investigated by A. W, Hofmann in 1843, and he 
was able to show that all the above products are identical. 

Preparation. — Since 1864 aniline has been prepared on a 
manufacturing scale by reducing nitro-benzene with iron 
filings and a regulated quantity of hydrochloric acid, and 
distilling with steam after the addition of lime. The amount 
of hydrochloric acid actually employed is only about ^ of 
that required by the equation: 

C^Ha-NO, -f 3Fe + 6HC1 - C^H^NH^ 4^ 2H,0 -f 3FeCl,. 
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This is probably due to the fact that the ferrous chloride is 
hydrolysed to the hydroxide and free HCl; this latter then 
reacts with the iron and produces reduction of more nitro- 
benzene with formation of aniline and ferrous chloride, which 
is again hydrolysed, and thus the reaction becomes continuous 
(Raikow, Z. Ang. Chem., 1916, 29, i, 196, 239). It is a colour- 
less, oily, strongly refracting liquid of peculiar odour, which 
quickly turns yellow or brown in the air, and is finally con- 
verted into a resin. It dissolves in 31 parts of water, has no 
action upon litmus, and is a weaker base than ammonia, 
although it can displace the latter at higher temperatures. It 
is poisonous, burns with a smoky flame, and is a good solvent 
for many compounds which are otherwise not readily dis- 
solved, e.g. indigo and sulphur. Aqueous solutions of the 
salts have a distinct acid reaction. 

The behaviour of aniline has been investigated with the 
utmost care. Oxidation in alkaline solution leads to azo- 
benzene, while arsenic acid produces chiefly violaniline, a 
violet colouring-matter. A solution of free aniline is tem- 
porarily coloured violet by one of bleaching-powder, this 
reaction being an extremely delicate one. A solution in con- 
centrated H 2 SO 4 is first coloured red and then blue by a small 
grain of potassium dichromate. A solution of K 2 Cr 207 pro- 
duces in an acid solution of aniline sulphate a dark-green and 
then a black precipitate of aniline black and ultimately quinone, 
C 4 H 4 O 2 . A mixture of aniline and toluidine may be oxidized 
to magenta, mauveine, &c., and a mixture of aniline and p- 
diamines to safranines (see these). When reduced catalytically, 
aniline yields amino-cyclo-hexane, boiling at 134"^. 

Salts . — Aniline hydrochloride, CeHg-NHg* HCl, forms large 
colourless plates which become greenish-grey in the air, and 
aniline sulphate, (CeH7N)2, H2SO4, beautiful white plates, 
sparingly soluble in water. The platmi<*chloride, (C0H7N)2, 
H 2 PtC 4 , crystallizes in yellow plates, which are sparingly 
soluble. 

Substitution Products — Hcdogen Derivatives . — The introduc- 
tion of the NHj group — or the OH group — ^into the nucleus 
facilitates halogenation, e.g. chlorine and bromine imme- 
diately yield «-tri-chloro- or -bromo-derivatives, and iodine 
produces mono-iodoaniline. In the chlorination of aniline 
it is necessary to use a solvent free from water (e.g. chloro- 
form or glacial acetic acid), otherwise oxidation and not 
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substitution occurs. In broinination the simplest method is to 
aspirate air saturated with bromine vapour through an acid 
solution of aniline. In all these reactions the halogen probably 
first substitutes H of the NH 2 group (see p. 433). In the 
preparation of monochlor-aniline^ the aniline must be “ pro- 
tected by using it in the form of its acetyl derivative, aceta- 
nilide. When tins is suspended in water, it is mostly trans- 
formed by chlorine into j9-chlor-acetanilide, which readily 
yields ;9-chlor-aniline on hydrolysis; the latter forms colour- 
less crystals, m.-pt. 71°, b.-pt. 231°. The 0 - and m-compounds, 
which are both liquid, are prepared indirectly, e.g. by the 
reduction of o- or w-chloro-nitro-benzene. 

The chlorine atoms weaken the basic functions so that 
5-trichlor-aniline, C<jH 2 Cl 3 {NH 2 ) (crystals, volatile without 
decomposition), no longer combines with acids in presence of 
water, o- and p-Chlor-anilines are only capable of taking up 
two more atoms of chlorine with the formation of trichlor- 
aniline : [NHj : Cl : Cl : Cl = 1 .2.4.6] ; m-chlor-aniline, on the other 
hand, can be further chlorinated to tetra- and penia-chlor- 
aniline. 

The bromo-derivatives of aniline closely resemble the chlor- 
anilines, and may be prepared by similar methods. The best- 
known compound is ^-tribrom-aifilme, which is formed by the 
action of bromine water on a solution of aniline hydrochloride. 
It crystallizes from alcohol in needles, and melts at 119°. 

As an example of the methods sometimes employed for the 
preparation of halogen derivatives may be cited the prepara- 
tion of 2 : 6-dibrom-aniline from sulphanilic acid, 1 -amino- 
benzene-4 -sulphonic acid. When carefully brominated, this 
yields the 2 : G-dibromo-derivative ; and when this is super- 
heated with steam at 170° the sulphonic acid group is removed, 
and 2 : fi-dibrom-aniline, melting at 84°, is formed. 

Nitranilines. — Aniline is likewise attacked far more vio- 
lently than benzene by concentrated nitric acid, and therefore 
when it is wished to prepare the mono-nitro-compounds, the 
aniline must again be ‘‘ protected either by using its acetyl 
compound, or by nitrating in presence of excess of concen- 
trated sulphuric acid. In the latter case all three nitranilines 
result, the m-compound preponderating. When acetanilide is 
nitrated, p-nitracetanilide, NOg'CeH 4 -NH CO CH8, and a 
little of the o-compound, are formed, and both are readily 
hydrolysed by potaah or hydrochloric acid. 
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The nitranilines are further obtained by the partial reduc- 
tion of the corresponding dinitro- benzenes, e.g. by means of 
ammonium sulphide ; this is the method usually employed for 
the preparation of m-nitraniline. (For mechanism of the re- 
action see Cohen and ArCandlish, J. C. S., 1905, 1257.) 

The 0 - and p-compounds are also formed when o- and p- 
CeH 4 CbN 02 , CeH^Br NOjj, or 0Et C 6 ll 4 -N 02 

are heated with ammonia at 180^" in autoclaves, and the o- and 
p-ni tramlines are converted into nitro-phenols when boiled 
with alkalis, the former more easily than the latter, thus: 

CeH,(N02)(NH2) 4 H OH CeH,(NOa)OH 4 NHs. 

These are all further examples of the remarkable influence of 
nitro-groups on other substituents, e.g. Cl, Br, OH, NHg, 
&c., in the o- and p-, but not in the m-position (cf. Picryl 
Chloride and Picraruide, p. 480, and Chap. XXXVI). 

The three nitranilines crystallize in yellow needles or prisms, 
and are readily soluble in alcohol, but only very slightly in 
water. They melt respectively at 72"^, 115'^, 145^, and their 
acetyl derivatives at 93°, 154°, and 207°. The o- and m-com- 
pounds are volatile with steam, but not p-nitraniline. When 
reduced, they yield pheaylene-di amines. 

Di- and trinitranilines, CeH3(N02)2(NH2) and «“C3H2(N02)3 
(NHg), are also known; the latter, which is termed picramide, 
and w^hich crystallizes in yellow needles, m.-pt. 188°, comports 
itself as the amide of picric acid, since it is readily transformed 
into the latter compound on hydrolysis. 

(For alkyl derivatives see under Secondary and Tertiary 
Monamines.) 

Homologues of Aniline. — Of the three toluidines, CHg- 
C 0 H 4 *NH 2 , the 0 - and p-compounds are obtained by the re- 
duction of the corresponding nitro-compounds. The o- is 
liquid and the p- solid. m-Toluidine, which is liquid, may be 
prepared from m-nitro-toluene or m-nitro-benzaldehyde (cf. 
B., 1882, 2009). 

The boiling-points of the three isomeric toluidines are almost 
identical, but the melting-points of their acetyl compounds 
differ widely (see table, p. 428) ; these are, therefore, of value 
for the characterization of the bases. o-Toluidine is coloured 
violet by a solution of bleaching-powder, and blue by sulphuric 
and nitrous acids and also by ferric chloride, but not p-tolui- 
dine. For their conversion into magenta see Triphenyl-methane 
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dyes (Chap. XXX). If during oxidation the amino-group be 
protected by the introduction of acetyl, the methyl radical 
can be oxidized to carboxyl and an acetyl derivative of 
amino-benzoic acid obtained. When oxidized with KMnO^, 
the amino-compounds are transformed into azo-compounds. 


B. Secondary Monamines 

These form two distinct groups, the diarylamines, e.g. NHPhg 
and the alphylarylamines, e.g. NHPhMe. 

Modes of Formation. — 1 . Mixed secondary amines are formed 
when the arylamines are heated with alphyl iodides (Hof- 
mann) (see p. 116), or with the alcohol and a condensing agent, 
e.g. H2SO4, under pressure. The product is usually a mixture 
of primary, secondary and tertiary bases, but by using an 
excess of the arylamine the product is the secondary base 
with unaltered primary, which can be removed by precipi- 
tation with zinc chloride (IJicMnhotlom, J. C. S., 1930, 992; 
1933, 446. For another method of separation cf. p. 469). 

A secondary base free from t-ertiary is formed by the action 
of an alphyl iodide on the sodium derivative of an acylated 
arylamine, e.g. CeHs'NNa-CO-CHg or CeH^-NNa-SOg-CeHs and 
subsequent hydrolysis (B., 1877, 328; 1888, 1107). 

2. A convenient method is the reduction of the primary 
amine and an aldehyde in an alkaline medium, e.g. zinc and 
caustic soda. Aniline and formaldehyde yield methylaniline 
(Morgan, 1917), 

3. An azomethine (p. 432) from an arylamine and aldehyde 
unites with an alphyl iodide: 

R*CH : NR' + R"I -> R CH ! NR'R'l, 

which yields secondary base and aldehyde on hydrolysis 
(A., 1913, 395 , 362; J. C. S., 1916, 1033). 

4. The diarylamines are formed when the primary aryla- 
mines are heated with their hydrochlorides at 200®: 

Cellfi-NHa + C.Hfi NHaHCl « (CeH5)«NH, HCl + NH,. 

Two different aryl radicals may be introduced, e.g. CgHg-NH* 
CeH4*CH3, phenyl-tolylamine. 

5. The usual method is the condensation of an arylamine 
with a halogenated benzene in the presence of a copper powder 
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with a little K2CO3 {Goldberg, B., 1906, 1691 ; 1907, 4541), and 
the introduction of 0- or j?- NOg groups renders the halogen 
more reactive. 

Behaviour. — 1. The mixed secondary bases have strongly- 
marked basic properties, while the purely aromatic are feebler 
bases than the primary alphylamines (cf. Chap. XXI, Intr.). 

2. For the migration of the alphyl group from the side 
chain into the nucleus see p. 430. This migration occurs when 
a salt of an alphylarylamine is heated under pressure: 

C.HsNEtHCi 2 )-Et C«H 4 NH,. 

At atmospheric pressure the compound splits up into aniline 
and alkyl halide or olefine (J. C. S., 1931, 1281), and the re- 
action can be used for the preparation of certain olefines. 

3. The hydrogen of the imino-group is rej)laceable by an 
alkyl or acyl radical, and also by potassium or sodium: 

(C.H.bXH -f CH 3 I - HI -h (CeHshNOHa 

Methyl-diphenylamiriie 

(CeHJjNH + (CH.-COhO » CHa CO^H + (CeHJ.N CO CH,. 

Acetyl-diphenylamine 

4. The secondary bases give neither the isonitrile nor the 
“ mustard oil ’’ reaction (p. 433). 

5. With nitrous acid, nitrosamines are formed (cf. p. 120): 

C^H^NHCHg + NO OH - H,0 + C,H 5 'N(NO) CH 8 . 

Phenyl-methyl- nitrosaminc 

These nitrosamines are neutral oily liquids insoluble in 
water, and they regenerate the secondary bases when heated 
with stannous chloride or with alcohol and hydrochloric acid. 
With mild reducing agents they yield hydrazines. 

They serve for the preparation of the pure secondary bases, 
since they alone are precipitated by sodium nitrite as non- 
basic oils from the acid solution of a mixture of primary, 
secondary, and tertiary bases, and yield the secondary amine 
with HCl and SnCl^, or CuCl and HCl (f C. 8., 1932, 713). 
When such nitrosamines are digested with alcoholic hydro- 
chloric acid, a molecular rearrangement takes place, and 
compounds of the nature of p-nitroso-methyl-aniline (p. 440), 
NO'CeH4'NHCH3, are formed by molecular rearrangement 
(0. Fischer and B., 19, 2991 ; 20, 1247). All nitrosamines 
give Liebermann's reaction (p. 474), 
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Analogous nitramines, e.g. CHg-NMe-NOg, are formed by the 
action of nitric acid on an alphylarylamine and with mineral 
acids yield o- and p-nitro-compounds by the wandering of the 
NO 2 group into the ring. 

Methyl aniline, CeHg-NHMe, is a colourless oil lighter than 
water. It is a stronger base than aniline; its sulphate does 
not crystallize, and is soluble in ether. For oxidation cf. 
B., 1902, 703. 

Diphenylamine, NHPhg, crystallizes in colourless plates, 
melts at 54*^, distils at 302°, and its solution in sulphuric 
acid yields an intense blue colour with a trace of nitric acid 
(delicate test). The nitrosamine, NPhg-NO, forms yellow plates 
melting at 66*5°, and the acetyl-derivative, NPhgCO-CHa, 
melts at 103°. Numerous nitro-derivatives are known, e.g, 
[CeH 2 (N 02 ) 3 ] 2 NH, which is feebly acidic in properties; its 
ammonium salt is the dye aurantia. 


C. Tertiary Monamines 

These are either purely aromatic (triarylamines) or mixed 
(alphyl-arylamines) . 

Modes of Formation, — 1. The latter are formed w'hen the 
primary or secondary bases are alkylated (cf. p. 437). Methyl 
bromide, iodide or 8ulj)hate are often used on the small scale, 
but on the manufacturing scale methyl alcohol and hydro- 
chloric acid under pressure. Primary and secondary amines 
can be removed by the action of ethyl chloroformate, which 
converts them into urethanes (p. 317), and the tertiary base 
then dissolved by means of dilute hydrochloric acid. 

A convenient laboratory method is that due to Noelting 
(B., 1891, 563; J. C. S,, 1904, 236). The primary amine is 
heated on the water-bath with a slight excess of the alkyl 
iodide and sodium carbonate solution, and in many cases 
an almost theoretical yield of the tertiary amine is formed. 
Tertiary bases are also formed when the quaternary salts are 
strongly heated. 

2. Triphenylamine, a purely aromatic base, is formed by 
the action of bromobenzene upon dipotassium-aniline: 

C^M^NK, + 2CeHjBr « (C,H,),N + 2KBr. 
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Behaviour,—] . Unlike the al]>hyl-arylamines, the purely 
aromatic tertiary amines are inc.‘4)able of forming salts. 

2. They do not yield isonitriles with CHCI3, isothiocyanates 
with €83, or acyl derivatives with acid chlorides, but most of 
them yield quaternary compounds with methyl iodide. 

3. Nitrous acid redacts with the tertiary aromatic bases, 
yielding coloured nitroso-compounds which contain the NO 
group linked to the benzene nucleus; but in certain cases, 
e.g. dimethyl-p-toluidine, it can act as a nitrating agent 
(J. C. S., 1930, 277): 

CeH,-N(CHa), -f NO OH == NO C,H, N(CH«), ^ H,0. 

/)-Nitro8o-dimcthyl-iiniline 

Such nitroso-derivatives can be reduced to diamines and 
hydrolysed to nitroso-phenols. 

4. The tertiary amines, when oxidized with hydrogen per- 
oxide, yield unstable oxides, e.g. dimethyl-phenylamine oxide, 
CgH5*NMe2:0, feebly basic compounds soluble in water, and 
decomposed at high temperatures (cf. Chap. L, C2). 

5. Tertiary amines in which the three substituents are 
different, e.g. methyl-ethyl-aniline or benzyl-phenyl -hydrazine, 
do not exist in isomeric forms, and cannot be resolved into 
optically active components {Kipping and Solway, J. C. 8., 
1904, 438; //. 0. Joms and Millington, C. C., 1904, 2, 952). 
The centres of gravity of the nitrogen atom and of the three 
substituents w'ould therefore appear to lie in one phme. 

6. Tertiary amines containing a benzyl group are decom- 
posed by acetic anhydride, yielding benzyl acetate and the 
acetyl derivative of a secondary amine. 

Dimethyl-aniline, C6H5*N(CH3)2, is an oil of sharp basic 
odour, solidifying in the cold; its salts do not crystallize weU. 
It combines with methyl iodide, even in the cold, to the com- 
pound N( C3H 5) { 0113)3! , phenyl-trimethyl-am monium iod ide, 
which breaks up into its components when distilled. With 
nitrous acid it yields p-nitroso-dimethyl-aniline, which crys- 
tallizes in green plates, melting at 85°; the hydrochloride crys- 
tallizes in yellow needles. When oxidized with permanganate 
the nitroso-compound yields p-nitro-dimethyl-aniline (m.-pt. 
162°), when reduced ji7-amino-dinmthyl-aniline, and when hy- 
drolysed with alkali ^-nitroso-phenol (Chap. XXIV, Al) and 
dimethylamine. (For condensations cf. Malachite - green, 
Chap. XXX.) Bleaching-powder colours dimethyl-aniUne only 
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a pale-yellow. Dimethyl-aniline yields compounds of somewhat 
complex composition with acid chlorides, aldehyde, <fec.; for 
example, tetrarnethyl-diamino-benzophenone or, finally, methyl 
violet with carbonyl chloride ; leuco-malachite green with ben- 
zoic aldehyde, <fec. Mild oxidizing agents, such as chloranil, 
convert it into methyl violet. Diethyl-aniline boils at 216'^; 
its p-nitroso-derivative melts at 84"". 

Triphenyl-amine, NPhg, melts at 127°, and yields no salts. 


D. The Quaternary Bases 

correspond with the quaternary bases of the fatty series. 
Trimethyl-phenyl-ammonium hydroxide, CeH 5 *N(CH 3 ) 30 II, 
for instance, is a colourless, strongly alkaline, bitter substance 
which breaks up into dimethyl-aniline and methyl alcohol 
wlien heated. The salts are formed by the union of a tertiary 
dialphyl-arylamine with an alphyl halide or even as alphyl 
sulphate or the methyl ester of an aromatic sul phonic acid, 
e.g. methyl jp-toluenesulphonate, C[l3*0eIl4*SO3Me. This last 
reagent is recommended as a reagent for identifying particular 
tertiary amines (J. A. C. S., 1929, 3688). Most of the tertiary 
amines, however, which contain substituents in the two ortho- 
positions with respect to the alphylated Nllg group, are in- 
capable of yielding quaternary ammonium salts, e.g. 2:6- 
dibromodiraethylaniline, CgIl 3 Br 2 -NMe 2 [E. Fischer, B., 1900, 
345,1967). 

The readiness with which a given quaternary salt is formed 
depends to a large extent on (a) the order in which the radicals 
are introduced, (6) the nature of the alphyl halide used, e.g, 
chloride bromide or iodide, the last reacting most readily, 
(c) the solvent (p. 116), and (d) temperature. (Cf. Wedekind, 
A., 1901, 318 , 90; Jones, B. A. Rep., 1904, 179. For Velocity 
of Formation cf. E, R, Thomas, J. C. S., 1913, 594.) It has 
been found that in the preparation of phenyl-dimethylethyl 
ammonium iodide a 100 per cent yield is obtained when 
methylcthyl-aniline is combined with methyl iodide, but only 
a 15 per cent when dimethyl-aniline is combined with ethyl 
iodide under similar conditions. Two factors affect the velo- 
city of formation; (1) The anionization of the halogen of the 
alphyl halide. (2) The co-ordination of the N atom of the base, 
by means of its lone pair of electrons, with the CHj, and this 
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is facilitated by an electron recession from the halogen. Sub- 
stituents in the alphyl halide determine the probability of 1 
or 2 {Bakery J. C. S., 1932, 1148; DavieSy Evans and Hulhert, 
1939, 412). 

All the quaternary compounds so far discussed contain 
4 alkyl and 1 negative radical (e.g. OH, Cl), attached to nitro- 
gen; compounds of the type NRg are known (Schlenky B., 
1917, 274, 823), e.g. NMe 4 -CH 2 -C 6 H 5 , a red powder obtained 
from NMe 4 Cl and CgHg-CHgNa (cf. Chap. L, C2). 


E. Diamines, Triamines, &c. 

Polyamino-derivatives may be obtained by reducing poly- 
nitro-hydrocarbons or nitro-amino-compounds, e.g.: 

C«H4(N02)a -> CeH4(NH2)2 (phenylene-diamine). 

The 0 - and p-diamines are best obtained from the o- and 
p-nitro-amino-compounds. Tetramino- benzene is formed in 
an analogous manner by reducing dinitro-m-diami no-benzene. 

A new amino-group can be introduced in the p-position 
into an arylamine, especially a secondary or tertiary, such as 
CeH,-N(CH3)2, by first transforming the latter into an azo- 
tiy® (6-g- benzene-azo-dimethyl-aniline, CgHg-N : N-CeH 4 *NMe) 
by coupling it with benzene-diazonium chloride, and decom- 
posing this by reduction. (See the Azo-compounds.) 

Diamines are also formed by the reduction of the nitroso- 
compounds of tertiary amines; p-amino-dimethyl-aniline, NHj* 
CgH 4 *N(CH 3 ) 2 , from p-nitroso-dimethyl-aniline. 

The polyamines are solid compounds which crystallize in 
plates and distil xmehanged, and are soluble in warm water. 
Though originally without colour, most of them quickly 
become brown in the air, their instability increasing with the 
number of amino-groups present. In accordance with the 
readiness with which they are oxidized, they frequently yield 
characteristic colorations with ferric chloride, e.g. o-phenylene- 
diamine a dark -red, and 1:2: 3-triamino-benzene a violet and 
then a brown colour. 

The three isomeric groups of diannnes differ materially in 
their behaviour. 

{a) Ortho-diamines. — 1. Ferric chloride yields a yellowish- 
red crystalline precipitate of diamino-phenazine hydrochloride, 
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Oell.i, ;(’filT2{NH2)2, 2HCI, with a Bolution of o-phcuylcne- 

'''N 

diamine. 

2. Ortho-diamines yield azomethines with aromatic alde- 
hydes, c.g. Cgn4(N : CnR)2, but these readily change into 
cyclic compounds, c.g.: 


.NCCH^R). 

c,h/ )cr 

\n=-— 

wlien R == CgHs. 

3. The mono-acyl compounds of the o-diamines change into 
derivatives of iminazole (A., 273, 2r)9), the so-called “ BenZ’ 
hninazoles ’’ or An hydro-bases through the formation of 
intramolecular anhydrides; thus o-nitracetanilide, when re- 
duced with tin and liydrochloric acid, yields methyl-benzi- 
minazole or phenylene-ethenyl-amidine (A., 209, 339): 

/NHCOCHa .NHCOCH, 

Cell/ 4 3Hj - 2R,0 - CeH/ 

.NH 

»CeH/ >CCH3 + H3O. 


Compounds of this nature are also obtained by heating 
o-dianiincs with acids. 

4. Glyoxal and many of the a-diketones yield quinoxaline 
and its derivatives with o-diamines: 



OjCR 

0:CR 



and the a-ketonic alcohols react in an analogous manner, e.g. 
benzoin yields dihydro-diphenyl-quinoxaline. 

5. Nitrous acid converts the o-diamines into the so-called 
“ azimino-compounds ”, compounds which contain three atoms 
of nitrogen, e.g. o-phenylene-diamine into azimi no-benzene 

NE 

N 



imino-azo-phenylene, €0114: 


/ 

'\ 


(b) Meta^amino^bases. — 1. These form yellow-brown dyes 
with nitrous acid, even when only traces of the latter are 
present (see Bismarck Brown, Chap. XXII. E.). 
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2. They yield azo-dyes with benzcnediazonium chloride (see 
Chrysoidine, Chap. XXII, E.). 

3. With nitroso-dimethyl-amline, or on oxidation together 
with para-diamines, blue colouring-matters (indamines) are ob- 
tained, and these when boiled yield red dyes (see Toluylene red). 

(c) Para-diamino-compounds. — 1. When warmed with ferric 
chloride, or better, with Mn02 + H2SO4, quinoiie, CQH4O2 (or 
a homologue), is formed, and may be recognized by its odonr. 

2. By oxidizing para-diamines, containing one amino-group, 
together with a monamine or a meta-diamine, indamines are 
produced, giving blue-green coloration. 


F. Acyl Derivatives of Arylamines. 
Anilides, &c. 

Acyl derivatives of primary and secondary arylamines are 
formed (a) by heating with the acid, (b) by the action of the 
acyl chloride or anhydride in the preseiKM' of a little cone, 
sulphuric acid. The commonest are the acetyl derivatives, 
e.g, CgHs-XH-CO’CHg, CH3-CeH4-NH-CO-(dr3, (CeH^l^N-CO* 
CH3, kc. The acyl products formed from aniline are termed 
anilides (p. 432), e.g. acetanilide, benzanilide, oxanilide; they 
are really phenylated acid amides (see p. 209 et se^.), and as 
such may be hydrolysed, although not so readily avS the amides, 
by means of acids or alkalis, to aniline and the corresponding 
acid. Tertiary amines form additive compounds with acyl 
chlorides which are decomposed by water. 

The dibasic acids like oxalic acid can give rise not merely 
to anilides, e.g. CgHg-NH-CO-CO-NH-CgHg, oxanilide, but 
also to half anilides, the anilic acids, which correspond with 
the amic acids, e.g. oxanilic acid, CgHgNH'CO-CO-OH. These 
are monobasic acids, and can also be hydrolysed to their 
components. 

Similarly, the toluidines give rise to toloidides, e.g. acetolui- 
dide, CH3*C0H4*NH-CO*CH3, and the xylidines likewise give 
rise to xylidides, &c. 

The acetyl derivatives are frequently used for the identi- 
fication of the various primary and secondary arylamines, 
since they crystallize well and have definite melting-points. 
As a rule, it is sufficient to mix the amine with a slight excess 
of acetic anhydride and warm for two minutes, and then to 
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pour into water. After a short time the solid (or oily) acetyl 
derivative is obtained. 

Fonnanilide, CgHg-NH-CHrO, from aniline and formic 
acid, reacts as a tautomeric substance, and gives rise to two 
series of alkyl derivatives, one with alkyl attached to N, and 
the other wdth alkyl attached to 0 , the imino-ethers. 

Acetanilide, CgHg-NH-CO CHa, is most conveniently pre- 
pared by boiling aniline with glacial acetic acid for twenty- 
four hours. It crystallizes in beautiful white prisms which are 
readily soluble in hot water or alcohol, less readily in ether 
and benzene. It melts at 115°, and boils at 304°. In the 
absence of water it can form a hydrochloride, C 7 H 9 ON, HCl. 
Acetanilide (“ antifebrine ”) is used in medicine for reducing 
high temperatures. 

With PCI 5 it gives CeHgNH-CClg-CHg, which loses HCl, 
giving an irnino chloride CgHgN : CCl-CHa. 

Thio-acetanilide, CgHg-NH-CS CHg, is formed when acet- 
anilide is heated with phosphorus pentasulphide, and from it 
imido-thio-compoonds, amides, &c., can be prepared. Methyl- 
acetanilide, CgH 5 -N(CH 3 )(C 2 H 30 ), is used as a specific against 
headache. 

Oxanilide, CgHg^NH CO-CO-NHCgllg, is obtained when 
aniline oxalate is heated at 1G0°-180°. It melts at 252°, boils 
without decomposition, and is best hydrolysed by fusion with 
potash. 

The half anilide, oxanilic acid, COOH-CO NH CgHg, is 
formed when aniline oxalate is heated at 130°-140°. It melts 
at 149°-150°, is soluble in hot water, has the properties of a 
monobasic acid, and with phosphorus pentachloride yields 
phenyl-carbimide (phenyl isocyanate): 

C,H* NH CO OH CeHj NH CO Cl -> C^H^ N : Cl 0. 

Diacyl derivatives of aniline and its homologues are also 
known, e.g. CgH 5 -N(CO*CH 3 )a, diacetanilide. This is formed, 
together with acetanilide, when aniline is boiled for an hour 
with excess of acetic anhydride, or when the amine is heated 
to a high temperature with acetyl chloride. The two may be 
separated by fractional distillation under diminished pressure. 
The diacetanilide crystallizes in colourless prisms, melts at 
37°, and, unlike acetanilide, is readily soluble in benzene or 
light petroleum. On hydrolysis with dilute alkali, one acetyl 
group is split off more readily than the second. 
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The presence of one or two substituents in the o-position 
with respect to the amino-group of aniline facilitates the for- 
mation of diacetyl derivatives, e.g. o-toluidine yields a diacetyl 
derivative more readily than aniline, and 5-tribrom-aniline 
yields a diacetyl derivative with the greatest readiness (J. C. S., 
1901, 533). 

In nearly all those compounds of the fatty series which 
are amino- or imino-derivatives of alcohols, acids, or hydroxy- 
acids, the unreplaced amino hydrogen can be substituted 
indirectly either wholly or partially by phenyl. The number 
of these phenylated (tolylated, xylylated, &c.) compounds is 
thus extremely large. Among them may be mentioned: 
Phenyl-glycocoU, T^enyl-glycine, CgH^-NH-CIlg-COaH, from 
chloracetic acid and aniline; phenyl-imino-butyric acid, CH 3 * 
C{ : NCeH5)*CH2*C02H, from aniline and aceto-acetic ester; 
carbanilide or diphenyl-urea, CO(NHCgri 5 ) 2 , from aniline and 
carbon oxychloride (cf. p. 316); 'phenyl isocyanate, phenyl 
carbimide, COiN-CgHg, from COClg and fused aniline hydro- 
chloride, a sharp-smelling liquid exactly analogous to the iso- 
cyanic esters — its vapour gives rise to tears; phenyl isothio- 
cyanate, CeH 5 N:CS (b.-pt. 222°), a liquid possessing all the 
characteristics of the mustard oils (p. 312); diphenyl thio- 
urea, CS(NHC^H 5 ) 2 , from aniline and carbon disulphide (forms 
glistening plates, melting at 154° ; it is decomposed into phenyl 
isothiocyanate and aniline when hydrolysed with concentrated 
hydrochloric acid. 


G. Primary Amines with the Amino -group 
in the Side Chain 

These compounds resemble the primary alphylamines much 
more closely than aniline. Benzylamine, C^H5*CH2*NH2, the 
amine corresponding with benzyl alcohol, is a colourless liquid 
which distils unchanged. The acetyl compound, C^H 5 *CH 2 * 
NH-CO-CHa, is formed by heating benzyl chloride, CgHg- 
CH 2 CI, with acetamide. Benzylamine is formed, together with 
di- and tri-benzylamines, by the action of alcoholic ammonia 
on benzyl chloride; it is also readily obtained by reducing 
the phenyl-hydrazone of benzaldehyde : 

CeH,CH:NiNHC,H,. 

H hJ H 
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It may also bo prepared from benzyl chloride and potassium 
phthalimide (cf. Chap. XXVI, B.). Its behaviour is entirely 
analogous to that of methylamine, as the phenyl derivative 
of wliich it is to be regarded. It dissolves in water, and the 
solution thus formed is alkaline. Conductivity determinations 
show that it is about as strong a base as ammonia, and thus 
differs materially from aniline. It possesses all the character- 
istic properties of a primary amine, Init as the Nn2 is attached 
to a side chain and not to the benzene nucleus, on treatment 
with nitrous acid it immediately yields benzyl alcohol and not 
a diazonium salt. 


XXII. DIAZO- AND AZO-COMPOUNDS; 
HYDKAZINES 

A. Diazo-compounds * 

The primary arylamines differ characteristically from the 
primary alphylamines in their behaviour towards nitrous acid. 
Most of the latter are converted into alcohols without the for- 
mation of intermediate products (cf. p. 119): 

C,H6 NH, + NO OH - CgHg OH + N, H,0. 


The aromatic amines can undergo an analogous transfor- 
mation; but if the temperature is kept sufficiently low, well- 
characterized intermediate products, the diazonium salt8> 
e.g. benzene-diazonium chloride, C0H5-N2C1, are obtained, 
which are of especial interest both scientifically and techni- 
cally (cf. Azo-dyes, Chap. XXII, E.). They were discovered by 
P. Chiess in 1860, and were carefully investigated by him 
(A., 121, 257; 137, 39). 

The diazo-compounds are usually divided into (1) the diazo- 


nium salts, e.g. 


C,H*. 


Nn : N, compounds which are analogous 
CK 


• Aromatic Diazo-compounds (Sanders^ London, 1936, C. and I., 1936, 192)* 
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to ammonium Balts; (2) the true diazo-cotu])ounds, which con- 
tain the grouping ‘NiN*. 

I. Diazonium Compounds. — The diazonium salts, as a rule, 
are not obtained in the solid stat-e, as tliey tliemselves are of 
little commercial value, but are of importance as intermediate 
products in various decompositions. 

Solutions are usually prepared by the addition of an 
aqueous solution of sodium nitrite to a sohition of the amine 
in an excess of the requisite acid (F. Meijcr). d'be essentials 
are: (1) The solution must be kept cool, at (F or only a few 
degrees above, otherwise a phenol is fv>rmed and nitrogen 
evolved. (2) An excess of acid must be used, otherwise 
diazo-amino-compounds (Chap. XXII, B.) are formed. (3) As 
a rule, it is advisable not to use an excess of nitrous acid, 
This is avoided by testing for free nitrous acid by means of 
potassium iodide starch paper. 

Arnino-compounds which do not dissolve readily in dilute- 
acid, e.g. s-tribromaniline, can be diazotized by using cone, 
sulphuric, or sometimes hydrobromic acid, and adding nitro- 
syl-sulphuric acid NOHSO4. 

This conversion of amino- into diazo-cornpounds is termed 

diazotizing 

The crystalline salts, e.g. benzene-diazoniurn chloride, may 
be obtained by adding concentrated hydrochloric acid to an 
alcoholic solution of aniline hydrochloride, and then amyl 
or ethyl nitrite (Knoevenagd). They may also be obtaiiu‘d by 
the addition of alcohol and ether to their a(|ueous solutions. 
Sparingly soluble salts can be prepared by adding solutions of 
sodium chromate, picrate, ferrocyanide to aqueous solution 
of the diazonium sulphate, but are extremely sensitive to 
light or shock and explode wdth great violence. 

Constitution , — The attached to only one 

carbon atom of the benzene nucleus, since (1) when the salts 
undergo decompo.sition the products formed contain groups, 
e.g. Cl, OH, CN, &c., which are attached to a single carbon 
atom; (2) penta-substituted anilines, e.g. SOgll-CgBr^-NH^, 
can be diazotized, hence Griess' formula), e.g. C6H4N2, HCl, 
where the diazo-radical replaces two hydrogen atoms of the 
nucleus, are untenable. 

For many years Kekulffs structural formula, CgH5-N:N'Cl, 
analogous to that of true azo-compounds, was accepted, but 
has been replaced by one suggested by Blomstrand in 1875. 
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This represents the molecule of a diazonium salt as containing 

Cell. 

a quinquevalent nitrogen atom, e.g. ^N'N. The chief 

CK 

arguments in favour of the Blomstrand formula are briefly: 

1. It indicates the resemblance between the diazonium and 
ammonium or quaternary ammonium salts, as both thus con- 
tain quinquevalent nitrogen: 

CHa CeH,. 

^NHCHah and NnJN. 

CK CK 


The resemblance between the two groups of compounds is 
marked. The diazonium salts are colourless crystalline com- 
pounds readily soluble in water; those derived from strong 
acids, e.g. the chlorides, nitrates, and sulphates, are neutral in 
solution, cf. NH4CI ; whereas those derived from feeble acids, 
e.g. carbonic acid, are partially hydrolysed in aqueous solution, 
and hence give an alkaline reaction, cf. Na2C03 or (NH4)2C03. 
In addition they form sparingly soluble platinichlorides, 
(C6H5N2)2lHCl3, and aurichlorides, CeH5N2AuCl4, comparable 
with the ammonium compounds, and also polyhalide salts, 
e.g. CgHg-NgIClg and C^HgNglBrg. The aqueous solutions of 
the salts are ionized to much the same extent as the corre- 
sponding quaternary ammonium salts. This resemblance of 
the diazonium ions to the quaternary ammonium ions is 
further established by a comparison of migration values. 
The free base, benzenc-diazonium hydroxide, corresponding 
with ammonium hydroxide, is obtained by the action of moist 
silver oxide on the chloride; it dissolves readily in water, 
yielding strongly alkaline solutions, but is very unstable, and 
gradually decomposes. When neutralized vrith acids, it yields 
the above-mentioned diazonium salts. 

2. The conversion of aniline and its homologues into diazo- 
nium salts is rendered somewhat more simple by such a for- 
mula: 


C.H. 

CK 


yjH HOi 


N^|H 


H 


0 


» 2HgO + 


CeH, 

Cl 



3 . 


The elimination of nitrogen and the formation of mono- 

f B 480 ) 16 



460 


XXII. DIAZO- AND AZO-OOMPOUNDS 


substituted -compouiida, e.g. CgH^Br, &c., is readily 

explicable: 




Reactions, — 1. The reaction characteristic of the diazonium 
salts is the readiness with which nitrogen is eliminated and 
monovalent groups are introduced into the molecule in place of 
the NgX radical, and for this reason the diazonium compounds 
are frequently made use of in the laboratory for the prepara- 
tion of various substituted benzene derivatives. Examples 
of this type of reaction are: 

(a) Replacernent of N 2 X by OIL — An aqueous solution of 
a diazonium salt, especially the sulphate, evolves all its nitro- 
gen in the form of gas when warmed, and a phenol is formed: 

- C,H 5 0H t N, + HX(X - HSO 4 ). 

This reaction, which is of almost universal application, 
therefore allows the exchange of Nllg for OH. Exceptions 
are salts containing numerous negative substituents in the 
benzene nucleus, e.g. CgHgBrg'NgCl, and bases with a methyl 
group ortho to the amino-group, when diazotization followed 
by warming with acid produces ring formation and an indazole 
is obtained: 

.CH, .CH,. 

no, c«H 3 < ^ no, o,H 3 < i \nh. 

\N,C1 


(6) Replacement by H, — When diazonium salts, either in 
the solid state or dissolved in concentrated sulphuric acid, 
are heated to boiling with absolute alcohol, the diazo-group is 
generally replaced by hydrogen. In this reaction the alcohol 
gives up two hydrogen atoms, and is oxidized to aldehyde: 


CeH,j(Cl)iN:N 
Hi Hi 


CeH, + N, + HCl. 


This affords a simple method for the replacement of Nllg by H. 

With certain salts there is an exchange of the diazo-group 
for the alkyloxy-radical, with the formation of ethers of 
phenols; thus from chlorinated toluidines ethyl ethers of 
chloro-cresols are formed, and not chloro-toluenes, and 
whether H or OR replaces the diazonium group depends on the 
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alcohol used and on the substituents present in the benzene 
ring(B., 1901, 3337 ; 1903, 2061). 

Under certain conditions stannous chloride in alkaline solu- 
tion acts in an analogous manner (B., 1889, 587), while under 
others it gives rise to hydrazines (this Chap., D.). The NHg 
may also be replaced by H, by first converting into a hy- 
drazine, and then decomposing the latter with Fehling's solution 
(Baeyer, B., 1885, 89). 

(c) Replacement by Halogen — Sandmeyer's Reaction . — When a 
diazonium-compound is warmed with a concentrated solution 
of cuprous chloride in hydrochloric acid, the diazo-group is 
replaced by chlorine {Sandmeyer, B., 1884, 1633, 2650; 1890, 
1628; A., 272, 143). The same reaction takes place on dis- 
tilling the diazonium platinichloride with soda, and some- 
times on simply treating the diazo-compound itself with fum- 
ing hydrochloric acid, or with hydrochloric acid in presence 
of copper powder {Gattermanny B., 1890, 1218): 

>N:N - CeH^CI -f N,. 

CK 

Warming with cuprous bromide yields, in the same way, a 
bromo-derivative {Sajidmeyer, B., 1885, 1482), and treatment 
with hydriodic acid or potassium iodide an iodo-compound : 

2C,H5*Na CI + Cu,Br, - 2CeH6Br + CugCl, + N,; 

CeH^ Nj Cl + KI » GeHjI + KCl + N,. 

When NO 2 groups are present a secondary reaction may 
occur resulting in the formation of diphenyl derivatives 
(Chap. XXVII), and which of the two reactions predominates 
depends on the conditions of the experiment. Vllmann and 
others, B., 1901, 3802; 1905, 725. 

(d) Replacement by ‘CN. — This is accomplished by adding 
the diazotized solution to a warm solution of potassium cup- 
rous cyanide : 

C,HjN,CN C.Hg CN. 

This reaction is of importance, as the product obtained is a 
nitrile, and can be hydrolysed to an acid. 

(e) Phenyl sulphide is formed by the action of hydrogen 
sulphide on benzene-diazonium chloride (cf. B., 1882, 1683); 
nitro-benzene is formed by the action of nitrous acid in 
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presence of cuprous oxide; benzenesulphiiiic acid from sul- 
phurous acid («/. Thomas, J.C.S., 1909, 342) ; phenyl thiocyanate 
from thiocyanic acid ; and phenyl cyanate from cyanic acid, &c. 
(cf. B., 1890, 738, 1218, 1454, 1628; 1892, 1086; 1893, 1996). 

(/) When oxidized in alkaline solution, benzene-diazonium 
hydroxide yields — together with other products — nitroso-ben- 
zcne (p. 426), and much benzene->diazoic acid, C^Hg-N NO- 
OH, or its isomeride, phenyl-nitramine, CgHg-NH-NOg (m.-pt. 
46^ explodes at 98^^) (see B., 1893, 471; 1894, 584, 915), 

2. When a solution of a diazonium compound reacts with a 
primary or secondary amine, or when nitrous acid acts upon 
such an amine in the absence of free mineral acid, diazo- 
aniino-compounds are formed, and these readily change into 
amino-azo-compounds : 

CeHfi-NaCI -f NH. CeH, - HCl + CflH. N .* N NH 

Diazo-armno-beiizcne 


3. Azo-dyes. — The diazonium salts readily “ couple with 
tertiary amines or with phenols, yielding derivatives of azo- 
benzene, e.g.: 

C^Hs-N^Cl + C,H,N(CH3), « HCl -f C,H, N : N-Cell.-NiCHa),. 

Dimethyl-amino-azobcnzcne 

CeHs-Njja + C^Hj OH - HCl + CeHj NrN Cell^ OH. 

Hydroxy-azobenzene 


Such derivatives possess basic or acidic properties, are usually 
coloured yellow, red, or brown, and are known as azo-dyes. 

The formation of such an azo-dye is largely made use of as 
a test for a primary aromatic amine with the NHg in the 
nucleus. The amine is dissolved in acid, diazotized, and then 
mixed with an alkaline solution of a phenol (preferably 
j8-naphthol), when an orange-red dye is precipitated. Phenolic 
ethers also couple with diazonium salts (Meyer and Wert- 
heimer, A., 1913, 398 , 66; B., 1914, 1741; Auwers and 
Michaelis, ibid, 1275). 

4. The diazonium salts react in alkaline solution with com- 
pounds containing the grouping -CHg-CO-, yielding azo-com- 
pounds or phenylhydrazones, e.g. ; 


CHgCOCH, CO,Et<^ 


CH,‘C 0 CH(C 03 Et)N .* NCeH, 
CHa-COC(CO*Et) : NNHCeH* 


(cf. B., 1888, 1697). 
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IL Diazo-compounds. — These contain the grouping R-N: 
N*X, where R = an aryl radical and X an acid radical or 
OH or OK. When a benzene-diazonium salt is mixed with 
an excess of cold concentrated alkali, normal potassium 
benzene-diazotate, CgIl 5 N 20 K, is precipitated. It crystallizes 
in white plates, and can be quantitatively converted into ben- 
zene-diazonium chloride and couples with ^-naphthol; it 
yields ethers, and on oxidation gives nitroso-benzene and 
phenylnitramine : 

C.Hj NHNO, or C,H5 -N:n/ 

\OH. 

The acid, CgHgNgOH, which corres])onds with the potassium 
salt, is not known in a pure form. When the normal potas- 
sium salt iwS heated w ith concentrated j)otash at 1 30^^-135°, it 
is transformed into an isomeric potassium salt (Schraube 
and Schmidt, B., 1894, 520). When this is acidified wdth acetic 
acid, the free hydroxide is obtained as a colourless oil which 
is very unstable. It is acidic and quite unlike the unstable 
benzene-diazonium hydroxides. 

Similar normal and u’opotassium derivatives have been ob- 
tained from other diazonium salts, and it has been found that 
the presence of acylous groups (Br, NOg) facilitates the for- 
mation of the iso-compound — in fact to such an extent that 
certain diazonium salts, when added to an alkali, immediately 
yield the isodiazo-compounds. The researches of Hantzsch 
have proved that the two compounds are very similar as 
regards chemical properties. For example, both ** couple with 
alkaline solutions of phenols, yielding azo-dyes (this Chap., E.), 
but the normal much more readily than the iso-compounds. 
Both compounds, on reduction with sodium amalgam in the 
presence of a large excess of alkali, yield phenyl-hydrazine, 
and both compounds, on oxidation in alkaline solution, yield 
the potassium salt, CgHs’NrNO-OK, or the tautomeric nitra- 
mine. Similarly, both compounds yield the same benzoyl 
derivative by the Schotten-Baumann method. Hence the two 
compounds are structurally identical and stereo-isomeric. 
As the normal can be synthesized by the action of hydroxyl- 
amine on nitroso-benzene in alkaline solution {Hantzsch, B., 
1906 , 2056 ): 

c.h. n: !o Th: '! n oh - h,o+ c,h» n:n oh. 
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it is probable that both normal and iso-compound are true 
diazo-derivatives, and that they are steroo-isomcric in much 
the same manner as the oximes (p. 163). According to Hantzsch^ 
the normal compound has the syn- and the iso- the anti- 
configuration ; 


n or syn. 


CA-N 

KON’ 


iso or anti. 


C«H,N 

NOK, 


as the normal compounds evolve nitrogen very readily, 
whereas the iso-compounds are more stable. (Ber., 1894, 1702; 
1895, 676, 1734; 1903, 4054; 1904, 1084). 

The iso-diazotates can react as tautomeric compounds, viz. 
as nitrosamine derivatives, O^TTg-NK-NO, since the potassium 
salt yields an N-cther, Cgllg-NEt-NO, whereas the silver salt 
yields an 0-ether, CgHg-NiN-OEt. Certain diazo-hy dr oxides, 
R-Ng-OH, have been isolated as colourless solids with acidic 
properties; the majority, however, are extremely unstable, 
and pass over into the isomeric nitrosamines R*NH-NO, 
yellow compounds with neutral properties (B., 1902, 2964; 
1903, 4054; 1904, 1084). The effect of various solvents on 
this isomerization has been studied by Bamberger and Bauduch 
(B., 1912, 2054), p-Nitrophenyl-nitrosamine in ether or 
alcohol has the diazo structure, but in chloroform the nitrosa- 
mine formula. On oxidation they yield nitramines. 

Corresponding with the normal and iso-diazotates, Hantzf^ch 
has isolated two groups of sulphonates and of cyanides, which 
he also regards as being stereo-isomeric in the same sense, 
viz. syn and anti. 

In the case of ^-anisidine, evidence of the existence of three 
isomeric diazo-cyanides has been obtained. The one is colour- 
less and is an electrolyte, and hence is regarded as the diazo- 
nium salt, OMe'C<,H 4 *N(CN);N; the other two are reddish- 
coloured solids and non-electrolytes. The ^yw-compound is 
unstable, and melts at 51®; it gradually passes over into the 
more stable an^t-compound, which melts at 121®. It is probable 
that when a syn diazo-cyanide is dissolved in water it is largely 
transformed into the ionized diazonium cyanide: 


RN 

NC-N 


R^N 

N 


+ CN. 


Diazonium salts, n-diazotates and the labile diazo-sul- 
phonates react with sodium arsenite or a mixture of KCN and 



DIAZO-AMINO-COMPOUNDS 


456 


NaHS in such a manner that the NgX group is replaced by 
hydrogen, whereas iso*diazotates, stable diazo-sulphonates, azo- 
and azoxy-compounds do not react (Gutmanriy B., 1912, 821). 


B. Diazo-amino-compounds 

The diazo-amino-compounds are pale-yellow crystalline sub- 
stances which are stable in the air, and do not combine with 
acids. They are obtained by the action of a primary or secon- 
dary amine on a diazonium salt, and also when nitrous acid 
reacts with a free primary aromatic amine instead of with 
its hydrochloride, probably: 

Cell, Nila + 0:N 0H - CeHe-NIN OH + HaO and 
CeHe-NIN-OH f CsH,NHe - Celle N .* N NHCeHe f HaO. 

As they are extremely sensitive to acids it is essential to 
avoid excess of acid in their preparation, and acetic acid or 
carbonic anhydride is recommended for liberating the nitrous 
acid from its sodium salt. 

Diazo-amine compounds have been synthesized by the 
action of Grignard compounds on alkyl or acyl derivatives of 
hydrazoic acid, and decomposing the products with water: 

RN, + R'MgI->RN(MgI)N:NR' 

RN(MgI)N : NR' + H,0->RNHN:NH' + MglOH. 

In this manner not merely aromatic but alphyl-aryl com- 
pounds of the types CeH^-NH-N : N-CHj and CeH^ CH^-NH* 
NiN CHa have been prepared. 

Reactions. — 1. They are not bases, and hence do not form 
salts with acids, but have feebly acidic properties yielding 
metallic salts, e.g. RNK-NrNB with alcoholic potash. 

2. They behave in much the same w’^ay as the diazonium 
compounds, as they are usually decomposed in the first in- 
stance into their comi>onents, a diazonium salt and an amine. 
Thus diazo-amino-benzene yields phenol and aniline when 
boiled with water or hydrochloric acid, while with hydrobromic 
acid it gives bromobenzene and aniline. These reactions are 
easy to recognize from the accompanying evolution of nitrogen. 

3. Nitrous acid in acid solution completely transforms them 
to diazonium salts: 

+ NO,H + 2HC1 - 20«H5 Na Cl + 2H,0. 
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4. Most of them readily undergo molecular transformation 
into the isomeric amino-azo-compounds (KekiiU): 

C,H,-N: N-NH<(^^^H -» C.Hj-N : n/^nh,. 

This molecular rearrangement takes place most readily in 
presence of an amine hydrochloride, which acts as a catal)i)ic 
agent. The amino-group always takes up the para-position 
with regard to the azo-group (-NtN*) if tliis is free. If, how- 
ever, this is already substituted, as in the diazo-amino-com- 
pound from j3-toluidine, then the transformation occurs much 
more slowly, and the NHg takes up the o-position with respect 
to the -NiN* group. The velocity of transformation has been 
investigated by H. Goldschmidt, and the reaction has been 
shown to be unimolecular. Only a relatively small amount 
of aniline salt is required, and the velocity is proportional to 
the strength of the acid, the aniline salt of which is used (B., 
1896, 1899). For other transformations cf. Chap. XXXVIII. 

5. The imino-hydrogen of the diazo-amino-compounds is 
replaceable by metallic radicals, and alkyl and acyl groups. 

Constitution . — By the action of benzene-diazonium chloride 
upon p-toluidine, dia 20 -benzene-;?-toluidide is formed, and 
would appear to possess the formula: C^H 5 *N:N-NH*C 7 H 7 (1). 

But the same compound is also obtained from a mixture 
of j?-toluene-diazonjum chloride and aniline, a reaction which 
would indicate the constitution: CgH 5 *NH*N : N-C 7 H 7 (II). 
The diazo-amino-compmmds are typical tautomeric sub- 
stances (cf. Chap. LIII). 

Diazo-amino-l^nzeiie, C^Hj-N : NNHCeHg (Griess), is 
usually prepared by adding NaNOg (1 mol.) to the solution 
of aniline (2 mols.) in IICl (3 mols.), and saturating with 
sodium acetate (B., 1884, 641; 1886, 1952). It crystallizes in 
bright yellow lustrous plates or prisms, is insoluble in water, 
but readily soluble in hot alcohol, ether, and benzene, melts 
at 98^^, and is far more stable than the (iiazo-compounds. 

When certain |?-diamines, e.g. o-nitro-j9-phenylenediamine, 
are diazotized with liquid nitrous anhydride, diazoimines, e.g* 



NO, 
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are formed, and these yield stable acetyl derivatives (Morgan 
and others, J. C. S., 1917, 187; 1918, 588). 


C. Azo -compounds, and Compounds intermediate 
between the Nitro- and Amino -compounds 

While the reduction of nitro-compounds in acid solution 
leads to the aromatic amines, the use of alkaline reducing 
agents, such as sodium amalgam, zinc dust and caustic soda, 
and also potash and alcohol, gives rise for the most part to 
intermediate products, the azoxy», azo-, and hydrazo-com- 
pounds : 

c«n,N(). : N ^ CJI,'K : nca, 

Nitro-benzenc "CgHj Azo-benzene 

Azoxy-benzene 

and hydrazO'benzene, CeH^NlI-NIK^IIj.. Reduction in neutral 
solution yields phenyl-hydroxyl-amines, CcH^-NH-OIL 


1, AZOXY.COMPOUNDS 


The azoxy-compounds are mostly yellow or red crystalline 
substances which are obtained by the action of boiling alcoholic 
potash, sodium methoxide {Bruhl, B., 1904, 2076), or mag- 
nesium amalgam and alcohol (J. A. C. S., 1904, 1161) upon the 
nitro-compounds. Many are also formed by the oxidation of 
azo-compounds. They are neutral, and are very readily 
reduced to azo-compounds. 

Azoxy-benzene, (C^HglgNjO (Zinin), forms pale-yellow 
needles melting at 36°, is insoluble in water, but dissolves 
readily in alcohol and ether. Concentrated sulphuric acid 
transforms it into the isomeric p-J^ydroxy-azo-benzene, 
C,H,N:NC.H,-OH. 

For a number of years the sym. structure Ij^O was 

PhN^ 

accepted. Angeli's demonstration of the formation of two 
isomeric azoxy-compounds from an unsym, azo-compound 
renders such a formula untenable. 


C,H*N:NC.H*Br<^ 


C.HjN( : 0) : NC.H^Br 
C,H,N:N(:0)C,H4Br. 


( t 480 ) 


16* 
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For confirmation cf. Robinson (J. C. S., 1917, 111), who 
shows that one nitro-groiip can be introduced quite readily 
into azoxy-veratrole, but that the introduction of a second 
can only be accomplished with difficulty. 

2. HYDEAZO-COMPOUNDS 

These are colourless crystalline neutral compounds, and, 
like the azo-compounds, cannot be volatilized without decom- 
position; e.g. hydrazo-benzene decomposes into azo-benzene 
and aniline wffien heated. They are obtained by the reduction 
of azo-compounds with ammonium sulphide or zinc dust and 
alkali, or by sodium hyposulphite. Oxidizing agents, such as 
ferric chloride, readily transform them into azo-compounds, a 
reaction which also occurs when the hydrazo-compounds are 
exposed to the air. Stronger reducing agents, e.g. sodium 
amalgam, convert them into amino-compounds. 

Strong acids cause them to change into the isomeric deriva- 
tives of diphenyl (Chap. XXVII and L, A5) ; thus from hydrazo- 
benzene and hydrochloric acid benzidine hydrochloride (the 
hydrochloride of yp' -diamino-diphenyl is formed): 

This rearrangement is typical, and is often observed in the 
case of aromatic compounds. It may be regarded as the 
shifting or wandering of a radical — in tliis case the relatively 
complex C^Hg-NH — from attachment to the side chain to 
direct attachment to the benzene nucleus, or, in other words, 
the NH-CgHg group exchanges place with the hydrogen atom 
in the p-position in the nucleus: 



The operation is repeated, 



and pp'-diamino-diphenyl, benzidine, is formed. 
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Another method of representing the change is by assuming 
the addition of IICl to the hydrazo-benzene and its resolution 
into CgHs-NHa and CeHs-NHCl. Then 

CeHj NHCl -► NH *. and this with aniline 

\C1 

-H. NH : C,H/ -> NH. CeH^ CgH^ NH,, 

XleH.NH, 

(A., 1916, 412, 14. For further details cf. Chap. XXXVIIL) 

Hydrazo-bemsene, sym.-Diphenyl-hydraziney CeUg-NH-NH* 
CgHg {Hofmann)y forms colourless plates of camphor-like 
odour, which are only slightly soluble in water, but dissolve 
readily in alcohol and ether; m.-pt. 131^. The imino- hydrogen 
atoms are replaceable by acetyl- or nit roso -groups. 

When kept it undergoes spontaneous decomposition into a 
mixture of azo-benzene and aniline. 

A group of compounds allied to the hydrazo-derivatives has 
been described by Schlenk (B., 1917, 276), e.g. di-p-tolylammo- 
tetramethylammonium, NMe 4 *N(C 7 H 7 ) 2 , which forms greenish- 
yellow crystals from pyridine. It is formed from NMe 4 Cl 
and (C 7 H 7 ) 2 NK, is oxidized by the air, and is hydrolysed by 
water to ditolylamine and NMe4*0H. Its pyridine solution 
is an electrolyte. 

3. AZO COMPOUNDS 

The azo-compounds are red or yellowish-red, crystalline, 
neutral substances, insoluble in water, but soluble in alcohol, 
and form salts in the absence of water ; some of them may be 
distilled without change. Azo-benzene itself (benzene-azo- 
benzene, C^jHg-N.N CeH^) crystallizes in large red plates, 
melts at 68®, and distils at 293®. Oxidizing agents convert 
them into azoxy-, and reducing agents, e.g. phenylhydrazine 
in the cold, into hydrazo- or amino-compounds. Chlorine 
and bromine act as substituents. 

The so-called “ mixed ” azo-compounds, which contain both 
an alphyl and an aryl radical, are also known, e.g. azo-pbenyl- 
ethyl, CeH 6 *N:N-CaH 5 , a bright-yellow oil (B., 1897, 793). 

Modes of Formation, — 1. By the cautious reduction of nitro- 
or azoxy-compounds, e.g. by means of sodium amalgam or of 
an alkaline solution of stannous oxide (B., 1885, 2912). 2. By 
distilling azoxy-benzene with iron filings. 3, By the oxidation 
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of hydrazo-benzone. 4. By the oxidation of amino-compounds, 
e.g, together with azoxy-compounds by means of KMnO^: 

2CeH6 NH, + 20 - CeH^'NIN'CeH, f 

5. By the action of nitroso- upon amino-compounds in pre- 
sence of acetic acid. In this way azo-benzene is obtained from 
nitroso-benzene and aniline acetate: 

C.Hfi NO + NHj C.Hs «= C^H^ NINCeHs + H,0. 

Amino- and hydroxy-derivatives of azo-benzenes are known, 
thus: 

CeHs-N : N C«H4-NH, CeH, N ! N CeH4 0H. 

Amino-azo-bcnzene Hydroxy-azo-benzcne 

The former are at the same time bases and azo-compounds, 
and the latter azo-compounds and phenols (i.e. weak acids). 

4. /S-ARYL-HYDROXYLAMINES 

)3-Phenyl*hydroxylamme, CgH^-NH-OH, is formed when 
nitro-benzene is reduced with zinc dust and water in the 
presence of a mineral salt, e.g. CaClg, or in 80 per cent yield by 
reducing the nitro-compound in neutral media with hydrogen 
at room temperature in presence of palladized animal charcoal 
(B,, 1922, 875). It is a colourless crystalline substance melting 
at 81^, and is relatively unstable. Aqueous solutions rapidly 
undergo oxidation on exposure to the air, yielding azoxy- 
benzene; oxidizing agents generally yield nitroso-benzene. 
Mineral acids immediately cause molecular rearrangement into 
p-amino-phenol, NH^-CelVOH (cf. Chap. XXXVIII). All the 
arylated ^-hydroxylamines reduce Fehling's solution, and this 
affords a test for an aromatic nitro-compoimd. If, after 
warming with water and zinc dust, a solution is obtained 
which reduces Fefding's solution, the presence of a nitro-group 
in the original compound can be inferred. 


D. Hydrazines 

The aromatic hydrazines (E, Fischer) correspond with those of 
the fatty series (cf. p. 124). Phenyl-hydrazine, C^Hg'NH-NHj, 
^-diphenyl-hydrazine or hydrazo-benzene, CgHj-NH-NII CeH^; 
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unsym. -diphenyl-hydrazine, (CgH 5 ) 2 N*NH 2 , and phenylmethyl- 
hydrazine, (C 0 H 5 )(CH 3 )N*NH 2 , are all known. 

Phenyl-hydrazine, CeH 5 *NH NH 2 , forms a colourless crys- 
talline mass, melting at 23° to a colourless oil, which quickly 
becomes brown from oxidation, and which is best cfistilled 
under reduced pressure. When kept or when heated it under- 
goes slow decomposition (Chaiiaway). It forms salts with 
mineral acids, e.g. the hydrochloride, HCl (plates). 

Like all hydrazines, it has strong reducing power, reducing 
Fehling's solution even in the cold. It is readily destroyed by 
oxidation {Chattaway, C. N., 1911, 103 , 217), but is stable to- 
wards mild reducing agents. Energetic reducing agents con- 
vert it into aniline and ammonia. Gentle oxidation of the 
sulphate by means of HgO converts it into benzene-diazonium 
sulphate. It is prepared: (a) by reducing benzene-diazonium 
chloride wdth the calculated quantity of SnClg and HCl: 

CoILNjCI 4 4H » CeU-Nll NUo, HCl; 

(h) ]>y reducing potassium diazo-benzene-sulphonate, 
NrN-SOgK (from C^HgNgCl and KgSOg), with zinc dust and 
acetic acid to potassium phenyl-hydrazine-wsulphonate, C^H^* 
NH NH SO3K, which is then hydrolysed to phenyl- hydrazine 
and sulphuric acid: 

C.Hj NH NH'SO.K 4 HCl 4 H,0 - C.H^ NII NH„ HCl 4 KHSO 4 . 

Alkyl and acyl derivatives of phenyl-hydrazine are known; 
the former (mono-alkylated derivatives only) are obtained by 
the action of alkyl iodides on the base or its metallic deriva- 
tives. Fhenyl-methyl-hydrazine, which can be obtained in 
tliis way, is largely used for differentiating ketoses and aldoses 
(p. 339); its constitution follows from its formation by the 

C,H, 

reduction of nitroso-methyl-aniline, /N*NO. Both mono- 

and diacyl derivatives are known. The mono-acyl derivatives 
or bydrazides (cf. Amides, Anilides) are obtained by the 
action of the acid or acid anhydrides on the base; they give 
a violet-red coloration with sulphuric acid and dichromate of 
potash, and can be used for isolating acids which are readily 
soluble; e.g. acetylphenyl-liydrazide, C^H^ NH NH CO CHj; 
m.-pt. 128^. 
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The base is an important and often an exceedingly delicate 
reagent for aldehydes and ketones (cf. pp. 149 and 160), as 
most of the phenyl-hydrazones are solid and ciystalline, and 
are therefore eminently suited for the recognition of aldehydes 
and ketones. With certain sugars it yields phenyl-hydrazones, 
but with an excess of the base, osazones (p. 339) are formed. 
Diketones, keto-aldehydes, &c., also yield osazones. 

The phenyl-hydrazones derived from aldehydes readily 
react with Grignard reagents, forming additive compounds at 
the C:N link. Alkyl unites with C and MgBr with N, so that 
EtCH:N*NHPh -f- MgPhBr yields the same product as 
PhCH : N-NHPh + MgEtBr, viz. CHPhEt-N(MgBr)*NHPh, 
which with acids gives CHPhEt-NH*NHPh, a s-alphyl-aryl- 
hydrazine (C. R., 1937, 204, 1262). Grignard reagents, on the 
other hand, react with keto-phenyl-hydrazones, yielding, 
where possible, a-alkylated indoles (ibid. 502). 

With ethyl aceto-acetate, phenyl-hydrazine forms pyrazole 
derivatives, e.g. phenyl-methyl-pyrazolone, the methyl deriva- 
tive of which is antipyrine (Chap. XLII, A.). 

Diphenyl-hydrazine, (C 6 H 5 ) 2 N*NH 2 , is an oily base which 
boils without decomposition, and, like phenyl-hydrazine, is 
easily oxidized; it only reduces Fehling's solution, how^ever, 
when warmed. It is obtained by reducing diphenyl-nitros- 
amine, (CflH 5 ) 2 N’NO, with zinc dust and acetic acid. M.-pt. 
34°. Like phenyl-hydrazine, it yields characteristic hydra- 
zones and osazones with the sugars. 

j^-Bromo-phenyl-hydrazine, CeH 4 Br NH*NH 2 , jp-nitro- and 
2 ; 4-dinitro-phenyl-hydrazme are often used in isolating and 
detecting carbonyl compounds, as the hydrazones crystallize 
weIi(B., 1899, 1806; J. C, 8., 1922, 717; 1931,757; J. A. C. S., 
1930, 2957). 

Bis (meihyl-hydrazine-phenyl) methane, CH 2 (CeH 4 -NMe* 
NH 2 ) 2 , is recommended as a reagent for characterizing alde- 
hydes, as it reacts only slowly with ketones, with the exception 
of a-ketonic acids. {Braun, B., 1908, 2169; Harries, Abs., 
1917, i, 210.) 

Tetra-alkyl-hydrazines, RgN-NRg, are formed by the oxida- 
tion of secondary amines with lead dioxide. Many of them 
dissolve in benzene, giving coloured solutions, which it is 
presumed contain free radicals, :NR, together with tertiary 
amines, NRj (cf. Chap. LII, B3). The existence of the free 
radical is supported by the fact that when kept for some tune 
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t-lie chief products are tertiary amines and azo-derivatives, 
RN:NR. Tri-phenyl-hydrazine in boiling xylene gives di- 
phenylamine and NPh, which polymerizes to azo-benzene 
(Wieland). The spontaneous decomposition of hydrazo- 
benzene (p. 458) into aniline and azo-benzene is a unimolecular 
reaction, and probably consists in the dissociation into aniline 
and : NPh and the polymerization of the latter to azo-benzene 
{Stieglitz and Curme, B., 1913, 911; cf. Wieland, ibid. 1915, 
1094). 

E. Azo-dyes 

A number of compounds derived from azo-benzene and its 
homologues are largely used as dyes, under the name of azo- 
dyes. These compounds are either basic and contain NHg or 
N ( 0113)2 groups, or are acidic and then contain either phenolic, 
OH, or sulphonic, 802*011, and phenolic groups. Azo-benzene 
itself is a highly-coloured substance, but is not a dye. In 
order that a coloured substance shall be a dye, it is essential 
that the colour it imparts to a fabric shall not be removed by 
washing or treatment with soap. According to 0. Witt^ when 
certain characteristic groups Imown as chromophores, among 
which are •N:N and NOg, are present, the compound is 
coloured or is a chromogene; and when, in addition to the 
chromophore, a strongly basic (e.g. NHg) or acidic group (e.g. 
•OH or -SOg-OH) is also present, we obtain a dye, e.g,: 

Chromogencs Dyes 

Nitro-benzeno Nitraniline, 

Nitro l>enzene Picric acid, (N02)8 CeHa'0H; 

Azo-benzene ^-Hydroxy-azo-benzene, CeHg N ' N'C 8 H 4 0H. 

The majority of dyes, when reduced, yield colourless com- 
pounds—leuco-compoonds — which on oxidation are converted 
into the original dyes. 

With regard to the theory of the process of dyeing fabrics, 
there are still two distinct schools. According to one, the process 
consists in the formation of definite compounds of the basic or 
acidic dye with acidic or basic constituents of the fabric dyed. 
According to the other, the operation is largely a physical one, 
and the dyed fabric may be regarded as a solid solution. 

In most cases, silk and woollen — and in a few cases cotton — 
fabrics can be dyed by direct immersion in a solution of the 
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dye; lut, as a rule, cotton will not dye directly, but requires 
previous treatment with a mordant. The object of the mor- 
dant is to deposit some substance on the fabric which will 
afterwards combine with or fix the dye. The chief mordants 
employed for acid dyes are the feeble bases aluminium, chro- 
mium, or ferric hydroxides, obtained by immersing the fabric 
in a solution of the metallic acetate, and then subjecting to the 
action of steam. The product formed by the action of the 
dye on the mordant is known as a lake, and the same dye can 
give rise to different-coloured lakes according to the mordant 
used. When basic dyes are employed for cotton goods, the 
fabric is usually mordanted with tannic acid. Stannic hy- 
droxide obtained from such a salt as (NH 4 ) 2 SnCle is also used 
as a mordant. The lakes are mostly co-ordination compounds 
(Chap. XLVI, B). 

j^-Amino-azo-benzene is the parent substance of the dyes 
known as chrysoidines. It may be obtained (1) by nitrating 
azo-benzene and then reducing (this indicates its constitution 
as an amino-derivative of azo- benzene) ; (2) by molecular re- 
arrangement of diazo-amino-benzene (p. 456): 


[CeH7N:N^^^^ gives NIIaC.H^N.-NCsHj. 

Substituted amino-azo-benzenes, e.g. dimethyl -ami no-azo- 
benzene, are obtained directly by the action of a diazonium 
salt on a tertiary amine : 

C^HsNaCl + H CeH4 N(CH3), » C.Hj N : N-C.H. NlCHa), 4- Ha. 


For influence of substituents on formation of amino-azo- 
compounds cf. Morgan and Micklethwait, J. C. S., 1907, 370. 

Assuming the Bhmstrand formula for the diazonium salt, 
the reaction is probably first additive, and then HCl is 
eliminated: 


Cl 




c,h,n:nc.h,n(ch,),. 


The azo-group always takes up the p-position with respect 
to the substituted amino-group if this position is free. If, 
however, the p-position is already substituted, a dye is not 
formed, or is formed very incompletely, and the o-position is 
taken up. 
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Tho chrysoidines are coloured yellow to brown, and, as they 
contain amino- or Bubstituted amino-groups in the molecule, 
are basic, and form well-defined salts with mineral acids. 

Among the simplest chrysoidines are: 

Aniline yellow, the hydrochloride of p-arni no-azo-benzene. 
It is now very little use(l. Its sulphonic acid is acid yellow. 

Butter yellow, from diazotized aniline and dimethylaniline, 
is used for coating windows of dark rooms. 

Chrysoidine, or 2 : ^•diamino^azobenzeMe hydrochloride, 
N:!s-(y[3(NH.,)o, 1I(11N2:(NH2)2 - 1 :2:4], dyes silk and 
wool directly an orange-red colour. 

Bismark brown, obtained by diazotizing m-phenylene- 
diaminc and coupling the tetrazoniurn salt with more of the 
b«as(‘, is a mixture of hydrochlorides of dia- and mono-azo- 
derivatives. 

The brown coloration obtained by the addition of a few 
drops of dilute nitrous acid solution to m-phenylenedi amine 
is due to the formation of Bismarck brown or a related sub- 
stance. The hydrochloride crystallizes in reddish-brown plates. 

Many of the chrysoidine dyes are sulphonated derivatives 
of amino-azo-benzene, e.g. methyl orange, the sodium salt of 
helianthine or p-dimethamino-azo-benzene-p-sulphonic acid, 
(CH3)2N*CflH4-N:N*C^H4*S02*0H. It is largely made use of 
as an indicator in volumetric analysis, as it is not affected 
by weak acids, e.g. carbonic, but is an extremely delicate 
reagent for the feeblest alkalis. 

It is highly probable that the sodium salt has the azo-struc- 
ture, but on liberating the acid it tautomerizes to 0:02S'C8H4* 
+ 

NH*N : C0H4 : NMcj, and hence the distinct change in colour. 

Orange IV is the corresponding diphenyl compound, 
NPh2’CgH4*N: N-CgH4*S03Na, and is obtained from diazotized 
sulphanilic acid and diphenylamine. It is used for dyeing 
animal fibres. 

The dyes known as tropaeolines are derivatives of j?-hydroxy- 
azo-benzene. Such compounds are obtained by adding the cold 
diazotized solution to an alkaline solution of a phenol. The 
dye is then salted out by the addition of sodium chloride and 
collected. The reaction is often made use of in testing for a 
primary aromatic amine (p. 452), as the precipitates produced 
are usually coloured bright red. The azo-group invariably 
occupies tne p-position with respect to the OH group, unless 
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this is already substituted. With a j3-alkylated phenol the azo- 
group takes the o-position, whereas with -COgH or -SOgH 
p- to OH these groups are isplaced by the azo-group. 

p-Hydroxy-azo-benzene crystallizes in brick-red prisms, and 
is a yellowish-red dye. 

Resorcin yeUow, 0H-S02-CeH4;N:N CeIl3(0H)2, 2 : 4-di- 
hydroxij-azO’henzeneA'-sulphmiic acid, obtained by coupling a 
diazotized solution of sulphanilic acid with an alkaline solu- 
tion of resorcinol, is known as Tropsoolin 0. 

The constitution of an azo-dye can usually be determined by 
an examination of its decomposition products, especially the 
products formed by energetic reduction; e.g. Bismarck brown, 
on reduction with tin and hydrochloric acid, yields a mixture 
of 1 ; 3-diamino- and 1:2: 4-triamino-benzene; 



Bis-azo-dyes. — Certain well-known dyes, e.g. Biebrich scarlet, 
contain two azo-groups. Such can be obtained by diazotizing 
an amino-derivative of azo-benzene, and then coupling with 
a tertiary amine or with a phenol, yielding a compound of the 
type CeH, N:N-C,H,;N:N CeH 4 0H. 

Another type of bis-azo-compound is formed by coupling a 
diamine or ihydric phenol with 2 mols. of a diazonium salt, 
especially when the two OH groups are in the w-position. 

Many amino- and hydroxy-azo-derivatives react as tauto- 
meric substances, especially those which contain an NHg or 
OH group in the ortho-position with respect to the Nj radical. 
These react as though they were quinone hydrazones or 
quinone-imide derivatives, e.g.: 

Cellfi-N : N CeH. OH CeH^NH N ! : 0, 

CeH^ N : N CeH4 NH, CeH^ NH N I I NH. 

For a general summary compare Auwers (A., 1908, 360, 11) 
and Smith and Mitchell (J. C. S., 1908, 842; 1909, 1430). 
The general conclusion drawn is that all the compound, both 
para and ortho, are true hydroxy-azo-compounds. 

According to Hantzschy many of the hydroxy-azo-compounds 
are pseudo-acids (p. 425), i.e. the hydrogen compound is the 
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qiiiiionc hydrazoiie; hut in tbc formation of a salt, intra- 
molecular rearrangement occurs, e.g.: 

CJlj NH N : aflH4 : 0 -V Calls N : N CeH^ ONa. 


For further types of azo-dyes cf. Chap. LIX, B. 


F. Phosphorus Compounds, &c.; Organo- 
Metallic Derivatives 

The phosphorus, &c., compounds of the fatty aeries have 
their analogues in corresponding compounds of the aromatic; 
these latter have been investigated by Michaelis and his 
pupils (A., 181 , 188 , 201 , 212 , and 229 ; B., 28 , 2205): for 
instance, phenyl phosphine, CgllgPUg; phenyl phosphinic 
acid, CgH5PO(OH)2; phosphenyl chloride, CgH^ PCla; phos- 
phino-benzene, CgHgPOg; and phospho-benzene, C^jH^P:?* 
CgHg (these two last being analogous to nitro- and to azo- 
benzene). Some of those compounds are solid, and they are 
less volatile and more stable than the corresponding aliphatic 
compounds. For important arsenic compounds see Chap. 
LXVI. 

Aromatic Organo-Metallic Compounds. — Mercury, tin, lead, 
tellurium, and magnesium yield phenyl derivatives. Mercury 
phenyl, Hg(CgH 5 ) 2 , is obtained by the action of sodium amal- 
gam on bromobenzene. It is relatively stable. Numerous 
compounds of the type of phenyl magnesium bromide, 
CflHg-Mg-Br, have been prepared, and are used as synthetical 
reagents (cf. p. 416). 


XXIII. AROMATIC SULPHONIC ACIDS 

The aromatic sulphonic acids are very similar in properties 
to the sulphonic acids of the fatty series, but can be obtained 
much more readily. One of the characteristic properties of 
benzene and its derivatives is the readiness with which they 
react with concentrated sulphuric acid, yielding sulphonic 
acids. Alphylated benzenes are sulphonated more readily 
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than benzene. When several methyl groups are present 
anomalies are observed, e.g. CgHMcg on sulphunafcion gives 
a mixture of CgMog and C^HMe^'SOgH (Smith and others, 
J. A. 0. S., 1929, 2994; 1932, 1614). In some cases fuming 
sulphuric acid is used; in other sulphuryl chloride, On-S() 2 *Cl. 

Benzene-sulphonic add, CgHs-SOg-OH (Mitscherlich, 1834), 
is formed when benzene is heated with concentrated sulphuric 
acid for some hours: 

C«H« + SOg(OH)* - C.H^ SOa-OH HgO. 

As in the case of etliyl hydrogen sulphate, advantage is 
taken of the solubility of its barium, calcium, or lead salt to 
separate it from the excess of sulphuric acid; or its sodium 
salt is separated by the addition of sodium chloride. 

It crystallizes in small plates containing ipigO, deliquesces 
in the air, and is readily soluble in alcohol. The barium salt 
crystallizes in glistening mother-of-pearl plates containing 
IH 2 O. 

It is very stable, and is not hydrolysed when boiled with 
alkalis or acids (ci. Ethyl hydrogen sul])hate). It is, however, 
decomposed into benzene and sulphuric acid when heatt^d with 
hydrochloric acid at 150®, or with water vapour at a high 
temperature (cf. p. 407): 

CaH^ SOa-OH 4 HgO « C^He + 80a(0H)a. 

When fused with alkali, it yields phenol in the form of its 
potassium salt: 

CjHa SOaK + 2KOH » CaHj OK + SO,K, + 11,0, 

and when distilled with potassium cyanide, it yields benzo- 
nitrile: 

CaHj-SOaK + CNK « C^Hg CN + SOaK,. 

When the K salt is fused with potassium formate ‘SOjK 
is replaced by ’CDgK. Direct replacement of SO3H by halogen 
occurs readily when 'Un NH^ or OH group is 0 or jo to the 
SO3H group, e.g. sulphanilic acid (NH^p to SO3H) readily 
give s-tribromaniline with excess of bromine water. 

With PCI 3 the OH group present in the sulphonic acid 
radical is replaced by chlorine, and benzane-sulphomo chloride 
is formed: 

CaHa SO.OH ^ PCh - C.Ha SO,Cl 4* POCl, + Ha 
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This is an oil, insoluble in water; it melts at 14-5°, and boils 
at 120° (under 10 mm. pressure); as an acid chloride it is 
reconverted into sulphonic acid when boiled with water. 
The sulphonic or sulphonyl chlorides are relatively more 
stable than the acyl chlorides, and some can be distilled with 
water, but all are hydrolysed by alkalis. When boiled with 
alcohol the chlorides yield esters, and with ammonia com- 
pounds of the type benzene-sulphonamide« CgHg SO^NHj 
(lustrous mother-of-pearl plates melting at 150°). This com- 
pound can be sublimed, and corresponds with other amides 
in its properties. The amido-group, however, is so affected by 
the strongly acylous SOg group that its hydrogen is replaceable 
by m<*tals, and the sulphonamides consequently dissolve in 
aqueous solutions of alkali hydroxides. 

The sulphonamides are largely made use of in distinguish- 
ing the various sulphonic acids. These acids themselves are 
difficult to purify, as a rule do not crystallize well, and have 
no definite melting-point. The sulphonamides, on the other 
hand, crystallize readily, and have sharp melting-points. The 
sodium salt of the acid is treated with PCI5, and the chloride 
thus obtained is warmed with ammonium carbonate. 

Benzene-sulphonic chloride likewise yields sulphonamides 
with primary and secondary amines, C0H5*SO2*NHR and 
CgH5*S02'NRR', the former of the.se being soluble in alkali, 
but the latter insoluble. Tertiary amines do not, of course, 
give sulphonamides. This serves as the basis of a method for 
separating primary, secondary, and tertiary bases, especially 
when ^-anthraquinone sulphonic chloride is used (Hinsberg, 
B., 1890, 2962; 1900, 477, 557, 3526; 1905, 906). 

Benzene-sulphonic chloride in alcoholic or ethereal solution, 
treated with zinc dust, yields zinc benzenesulphinate: 

2CJI» SO,Cl -h 2Zn - (CeH^SOJ^Zn -I- ZnCl„ 

whereas more vigorous reducing agents, e.g. zinc mineral acid, 
yield thiophenols. 

Benaene-solphinio acid crystallizes in large glistening prisms, 
readily soluble in hot water, alcohol, and ether. It possesses 
reducing properties, and is itself readily reduced to thio- 
phenol: 

C,Hji SO,H -f 4H « C«H,SH -f ZH^O. 

Thio-phenols can also be obtained by reducing the sulphona- 
mides derived from primary arylamines or the arylsulphonic 
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chlorides with HI and PH4I. The sulphonic acids and their 
esters cannot be reduced by this method. 

Sulphinic acids can be synthesized from Grignard reagents 
and SOg. 

Numerous substituted sulphonic acids are knowm. 

The nitro-benzene-solphonio acids, N02*CgH4 S03H, are 
obtained by nitrating benzene-sulphonic acid or by sulphonat- 
ing nitro-benzene, the w-compound preponderating. Reduc- 
ing agents convert them into the — 

Ammo-benzene-sulphonic adds, NH2*CeH4S03H. The 
p-compouiid, which is termed sulpbaniiic acid, is obtained by 
heating aniline sulphate at 180 °- 200 ° (Gerhardt, 1845 ); also by 
reducing p-nitro-benzene-sulphonic acid. The conversion of 
aniline sulphate into sulphanilic acid proceeds as follows: 


NH3HSO4 


NHSO.OH 


NH, 

^ SOaOH 


NH, 


Aniline hydrogen Phenylsulphonamic 
sulphate acid 


Aniline 

(Ksulpbonic acid 


Sulphanilic acid 


(Cf. Bamberger, B., 1897 , 2274 .) It crystallizes in rhombic 
plates ( + H2O), sparingly soluble in water, forms metallic salts, 
e.g. sodium sulpbanilate, NH2 C6H4 S03Na H- 2H2O (large 
plates), but does not combine with acids. The formula 




^NH3v^ 


'\i 


so. 


possibly expresses the constitution of sulph- 


anilic acid. The m-acid, also termed metanilic acid, is em- 
ployed in the preparation of azo-dyes, e.g. metaniline yellow; 
it crystallizes in fine needles or prisms. 

An SO3H group can usually be replaced by H when the acid 
is heat(id under pressure with a mineral acid and the readiness 
depends upon the presence of other groups, e.g. o and p OH 
and NHg groups. 


Diazo-benzene-sulphonio add, CeH4. 


of C«H4( 


N:NOHv 


\ 


,N:N^ 


(the anhydride 


SO3H 


j, is obtained by adding a mixture of snl- 


phanilate and nitrite of sodium to dilute sulphuric acid. It 
forms colourless needles, sparingly soluble in water, shows all 
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the reactions of the diazo-compounds, and is of great impor 
tance for the preparation of azo-dyes. 

Benzene-disulphonic acids, CeH4(S08H)2 (principally meta-), 
and benzene-trisolphouic acids, CgH3(S03H)3, result from the 
energetic sulphonation of benzene with fuming sulphuric acid. 
The 3 isomeric disulphonic acids yield dinitriles C8H4(CN)2 
when distilled with KCN and the m-compound yields resor- 
cinol when fused with KOH. 

Almost all the homologues of benzene, with the exception 
of hexamethyl-benzene, yi^ild sulphonic acids. From toluene 
are obtained the o-, m-, and p-toluene sulphonic acids, CHg* 
C0n4*SO3H (Uollemann and Caland, B., 1911, 2504). Of these 
it is the ;?“acid w^hich is formed in largest quantity directly; 
its potassium salt crystallizes beautifully. 

The sulphonic acids of the three xylenes, the xylene-sul- 
phouic acids, 0^113(0113)2^0311, serve for the separation of 
these isomers from each other; and the power of crystalliza- 
tion of the salts or amides of the sulphonic acids of the higher 
benzene homologues is frequently made use of for the recog- 
nition and separation of these hydrocarbons. 

The N-halogenated sulphonamides have received much atten- 

.OK 

tion. The compounds CeH5-S02’J^Cl-CIi3 and Cell^-SO^; 

^NCl 

were prepared by Chattuway (J. C. S., 1905, 145), the former 
by the action of hypochlorous acid on the corresponding amide 
and the lattf^r by the action of warm potassium hydroxide on 
the dichloride, CeH5-S02*NCl2, obtained from the amide and 
hypochlorous acid (cf. Chap. LXV, A5, Antiseptics). 


XXIV, PHENOLS 

The hydroxylic derivatives of benzene and its homologues 
are usually divided into (a) phenols and (b) aromatic alco- 
hols. The phenols all contain the hydroxyl group or groups 
directly attached to the benzene nucleus, e.g, C8H5(OH), 
C0H4(OH)2, whereas in the alcohols the hydroxyl group is 
present in a side chain, e.g. CeHg-CHa'OH. 
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One important point of difference between the phenols and 
alcohols is the more pronouncedly acidic nature of the phenol. 
The aromatic alcohols closely resemble those of the aliphatic 
series, but the phenols react as feeble acids, the hydroxylic 
hydrogen being displaced by the action of sodium or potassium 
hydroxide. 

The phenols are either liquid or solid compounds, and are 
often characterized by a peculiar odour, e.g. carbolic acid and 
thymol. Most of them can be distilled without decomposition, 
and all are readily soluble in alcohol or ether; some dissolve 
easily in water, others less readily, the solubility tending to 
increase wdth the number of hydroxyl groups present in the 
molecule. Many of them are antiseptics, e.g. phenol, creosol, 
thymol, and resorcinol. 

The phenols are usually divided into mono-, di-, tri-, or tetra- 
hydric, according to the number of OH groups present in the 
molecule. 

Behaviour, — 1. Like the alcohols, the phenols are (capable 
of forming ethers such as anisole, esters, e.g. 

phenyl acetate, C^Hg-O-CO-CHg, and phenyl hydrogen sulphate, 
CflHgO SOg-OH, thio-compoonds, e.g. thiophenol, Cgllg'SH, &c. 

They can only be compared with the t(?rtiary alcohols, since 
they cannot, like the primary or secondary alcohols, yield acids 
or ketones containing an equal number of carbon atoms in the 
molecule upon oxidation. 

2. The phenols are weak acids, and form salts known as 
phenates or phenoxides, e.g. CgHg-OK, potassium phenate or 
potassium phenoxide; most of the salts are readily soluble in 
water, and far more stable than the alcoholates, with which 
they correspond. 

In aqueous solutions the salts are largely hydrolysed, and 
are decomposed by carbon dioxide, as the phenols are ex- 
tremely feeble acids comparable with hydrocyanic acid. The 
acid character of the phenols is considerably increased by the 
presence of acylous groups, especially NOg, in the molecule 
(see Picric Acid). 

3. The presence of NHj, or OH groups in the benzene 
nucleus renders compounds much more reactive towards halo- 
gens, nitric acid, sulphuric acid, oxidizing agents, &o. With 
polyamines and aminophenols the reactivity is such that the 
compounds undergo spontaneous oxidation on exposure to the 
air. The reactivity with chlorine is so great that frequently 
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compounds of this type cannot be chlorinated by the usual 
methods. Orton and King (J. C. S., 1911, 1185; 1927, 986; 
1928, 998; 1930, 37) have introduced a method based upon 
the fact that the reversible reaction, 

R NCiAc -h HCl ^ K NHAc + Q,, 

proceeds from left to right in the presence of glacial acetic 
acid, and thus by taking very dilute solutions of hydrochloric 
acid, e.g. 0*021 N, the concentration of the chlorine is kept so 
low that chloro-derivatives are obtained free from products of 
oxidation. Cresols can be chlorinated in the same manner. 
The acetyl derivative generally used is 2 : 4>dichloro-acetyl- 
chloranilide, and if the theoretical amount of this compound is 
used the reaction proceeds to completion, as hydrogen chloride 
is formed by the action of the chlorine on the amine or phenol. 

The method has been used for determining the velocities of 
many chlorinations (J. C. S., 1928, 782, 1006, 3073). 

4. Many phenols give characteristic colorations with ferric 
chloride in neutral solution, e.g. phenol and resorcinol violet, 
catechol green, and orcinol blue- violet; while pyrogallol yields 
a blue colour with ferrous sulphate containing a ferric salt, 
and a red one with ferric chloride. Bleach ing-powder and 
iodine solution, in certain cases, also give particular coloration. 

6. lAehermann^ s Reaction . — When the phenols are mixed 
with concentrated H2SO4 and a drop of nitrite solution or of 
a nitrosamine, they yield intensely coloured solutions which 
turn to a deep- blue or green when diluted and rendered alka- 
line with potash. 

6. The sodium and potassium salts of the phenols react with 
CO2 {Kolbe) or with COClg, with formation of aromatic hydroxy- 
aci^, e.g. salicylic acid (Chap. XXVI, A3). 

7. The phenols couple with diazonium salts to form azo- 
dyes (Chap. XXII, E.); heated with bcnzo-trichloride, 
CgHg-CClg, they yield the aurin dyes, and with phthalic acid, 
phthaleins (Chap. XXX, A3). 

8. The phenols condense with HCN in the presence of mineral 
acid yielcfing aldimines which can be readily hydrolysed to 
hydroxy-aldehydes : 

9. When heated with zinc dust, the phenols are converted 
into the corresponding hydrocarbons (Baeyer). 
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10. When heated with the additive compoimdH of zinc 
chloride and ammonia or calcium chloride and ammonia, the 
OH is replaced by NHg (Chap. XXI, A.). 

11. Heating with phosphorus j>entachIoride partially con- 
verts the phenols into chlorinated hydrocarbons, and heating 
with PgSg into thio-phenols. 

Occurrence , — Many individual phenols are found in the 
vegetable and animal kingdoms. They are also present in the 
tars from gas-works, coke ovens, and low' -temperature dis- 
tillation plants. 

Constitution , — The hydroxyl-groups in phenol, Cgllg-OII, and 
in the di- and poly hydroxy-benzenes, containing six carbon 
atoms, are linked to the benzene nucleus. That this is also 
the case in the homologues of these compounds follows: 
(a) from their completely analogous reactions; [h) from their 
behaviour upon oxidation. Thus, when oxidized, m-cresol 
yields w-hydroxy- benzoic acid, and hence the OH is present 
in the benzene nucleus and not in the side chain, and must 
be in the m-position with respect to the methyl group. 

A. Monohydric Phenols 

Modes of Formation. — 1. Many phenols are formed during 
the destructive distillation of the more complex carbon com- 
pounds, especially of wood and coal; they are therefore 
present in wood- and coal-tars. Ordinary coal-tar contains 
phenol, the cresols, &c., and wood-tar, the methyl ethers, 
e.g. guaiacol, CeH 4 *( 0 H)( 0 *CH 3 ), and its homologue creosol, 
CeH3{CH3)(0H)(0-CH3). 

The phenols are isolated from coal-tar, &c., by shaking with 
sodium hydroxide solution, in which they dissolve, saturating 
the alkaline solution with hydrochloric acid, and purifying the 
precipitated phenols by fractional distillation. 

2. Phenols are formed together with an alkali sulphite when 
salts of sulphonic acids are fused with potassium or sodium 
hydroxides {KekuU, Wurtz, Dusart, 1867): 

CgH^ SOjK + 2KOH » C^H^ OK -h SO^K, 4- H,0. 

In the laboratory nickel or silver basins are used for this 
fusion, and on the large scale iron boilers, &c. The alkali 
salts of the phenols are formed, and the free phenols may be 
liberated, by the addition of mineral acid. The chlorinated 
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sulpliouic acids and the chlorinated phenols also exchange the 
halogen for hydroxyl when fused with potash: 

C,H,C 1 (S 03 K) + 4 K 0 H - C^U,{OK)^ f SO3K, + KOI -h 2 VLfi. 

In certain cases intramolecular rearrangement occurs during 
this fusion, e.g. all three bromo-benzene-sulphonic acids yield 
wi-dihydroxy-benzene (resorcinol) when fused with potash. 

3. They are formed when aqueous solutions of diazonium 
salts are heated (Griess; Chap. XXII, A.). As a rule, a very 
dilute sulphuric acid solution is employed. 

Benzene can be oxidized to phenol by ozone or perhydrol, 
and atmospheric oxygen can bring about oxidation in the 
presence of alkali or of AICI 3 , and hence in the fusion of sodium 
benzene sulphonate with aikali not only is CgH^ONa formed, 
but also CgIl 4 (ONa )2 or even CgH 3 (ONa )3 if much oxygen is 
present. 

6 . The phenols cannot be prepared from chloro-, bromo-, or 
iodo-benzene in the same way as the alcohols from alkyl 
chlorides, bromides, or iodides, the halogen being bound too 
firmly to the benzene nucleus. The bromo-compounds when 
heated with alkalis under a pressure of 20 atmospheres at about 
300^, and the chloro compounds at 340°--390'^ and high pressure 
yield metallic phenoxides. If nitro-groups are present in 0 - 
or j9-positions, an exchange of this kind can be effected by 
heati^ with aqueous sodium or potassium hydroxides; 
tf-trinitro-chloro-benzene reacts with water alone: 

C«H,Cl(NO*)a + HOH » CeH2{OH)(NOa)3 -f HCI. 

Similarly, the amino-group in amino-compounds may be 
replaced by hydroxyl by means of boiling alkalis, provided 
nitro-groups are also present in certain position; thus 0 - and 
p- (not m~) dinitro-aniline yield dinitro-phenols (cf. Chap. 
XXXVI). 

6 . Phenols are also formed when salts of the aromatic 
hydroxy-acids are distilled with lime, or when their silver 
salts are carefully heated: 

Gallic acid, C4H2(0H}3'C03H « CO* + C0H,(OH)3, Pyrogallol. 

7. Homologues of phenol are readily prepared by reducing 
certain aromatic hydroxy-ketones or aldehydes with zinc 
amalgam and HCI. Thus p-OH-CgH^-CHO gives p-OH* 

and OH-CeH^ CO CHa gives OH CeH^ CHa CHa. 
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Phenol, Carbolic acid, hydroxy-benzene, CgHgOH, was dis- 
covered in 1834 by Runge in coal-tar. It occurs in the urine 
of the herbivora and in human urine as phenyl hydrogen sul- 
phate, also in cocoanut-shell tar, and in bone-oil. It forms 
long, colourless needles, melts at 42°, boils at 181°, is soluble 
in fifteen parts of water at 16°, and itself dissolves some water, 
a small percentage of the latter sufficing to liquefy the cry- 
stalline phenol. Alcohol and ether dissolve it readily. It is 
hygroscopic, and possesses a characteristic odour and burn- 
ing taste, is poisonous, acts as an efficient antiseptic, and 
exerts a strongly corrosive action upon the skin. As a very 
feeble acid it dissolves readily in caustic potash solution, but 
not in the carbonate. Ferric chloride colours the aqueous 
solution violet, while a pine shaving moistened with hydro- 
chloric acid is turned greenish-blue by phenol. 

Hexahydro-phenol, Cyclohexanol, Chilli OH, made by the 
catalytic reduction of phenol, has b.-pt. 160° and is a com- 
mercial solvent. 

Phenolic ethers are usually obtained from an alkali phen- 
oxide and an alkyl bromide in alcoholic solution; in certain 
cases in benzene solution the product is an ortho substi- 
tuted phenol, due to the wandering of the alkyl group from 
0 to C of the nucleus. This is especially true when allyl, 
benzyl, and cinnamyl bromides are used: 

C.HfiOK + C^H^Br C,H7'C8H4 0 H + KBr. 

Anisole, or Phenyl methyl ether, C^^Hg-O CHg, and phenetole, 
or phenyl ethyl ether, CgHg-O’C^Hg, are best obtained by heat- 
ing phenol and caustic soda with methyl or ethyl sulphates or 
halides; the former is also obtained by distilling anisic acid 
with lime. They are liquids of ethereal odour which boil at a 
lower temperature than phenol, just as ether has a lower 
boiling-point than alcohol. They are very stable neutral com- 
pounds, which are not readily hydrolysed by acids or alkalis; 
when heated with HI to 140°, or with HCl to a higher tem- 
perature, or with aluminium chloride, they yield phenol: 

C^Hj O CH, + HCl - CeH^ OH -f- CH,C 1 . 

When methylating phenols with methyl sulphate better 
yields are given by using NaOH than by KOH, but for esters 
potash is preferable {Klemens, Mon., 1918, 553). 

Phenyl ether, Diphenyl oxide, formed when 
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phenol is heated with ZnCIg or AICI3, but not with H2SO4. 
Also by heating CgHgOK with CgHgBr and a little copper 
powder at 210° (Ullmann and Spongel, A., 1906, 8S0, 86). 
It crystallizes in needles, and is not decomposed by hydriodio 
acid (B., 1923, 176). 

Sodium reacts with di-aryl ethers, forming sodium phen- 
oxide and sodium -phenyl : 

CeH. O'CeHs + 2Na -> CeH.ONa + CeH^Na. 

With CHPha-O'CHg the products are CIIgONa and CHPha-Na. 

The p-nitrobenzyi ethers of phenols are often utilized for 
characterizing specific phenols as they crystallize well and 
have definite melting-points (Reidy J. A. C. S., 1917, 304; 
1920, 615). 

Esters.— Phenyl hydrogen sulphate, CellsOSOg-OH (cf. 
Ethyl hydrogen sulphate), is only capable of existence in the 
form of salts, being immediately hydrolysed into phenol and 
sulphuric acid when attempts are made to isolate it. The 
potassium salt, C^HgO-SOa'OK (plates, sparingly soluble in 
water), is found in the urine of the herbivora and also in 
human urine after the consumption of phenol, and it may 
be prepared synthetically by heating potassium phenate with 
potassium pyro-sulphate in aqueous solution {Baumann). It 
is very stable towards ctlkalis, but is hydrolysed by hydrochloric 
acid. 

The acetates, e.g. phenyl acetate (b.-pt. 193°) are readily 
hydrolysed. As the OH groups increase the reactivity of ben- 
zene compounds, it is necessary in certain reactions to protect 
these groups by (1) acetylation, or (2) conversion into a car- 
bonic ester by the action of ethyl chloroformate. After the 
reaction the acetyl and carbonate group can be removed by 
hydrolysis. 

Acetyl derivatives of phenols are formed by heating with 
acetic anhydride and anhydrous sodium acetate or simply 
by acting on an aqueous solution of the phenoxide at 0° with 
a slight excess of acetic anhydride. 

Benzoyl derivatives are usually obtained by the Schotten- 
Baumann method (p. 515). 

The 3 : 5“<iinitro-benzoyl derivatives are used for charac- 
terizing phenols (Helv., 1928, 800). 

Thio-phenol, Phenyl hydrostdphidey CeH^-SH, is prepared by 
reducing benzene-sulphonic chloride, or by heating phenol 
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with P2S5. It is a liquid of most unpleasant odour, and of 
pronounced mercaptan character (sec p. 98 ). It yields, for 
instance, a mercury compound, (CeHgSlgHg, crystallizing in 
glistening needles, and also salts with other metals. When 
warmed with concentrated H2SO4, a cherry-red and then a 
blue coloration is produced. 

Closely related to the above are: (a) phenyl sulphide, 
(^6115)28, which is formed by the action of benzene-diazonium 
chloride upon thio-phenol: 

CaH^ N.-N CI + ILS CeH^ - CeH.-.S CeHg + N, -f- HCI. 

It is a liquid smelling of leeks, and is oxidizable to phenyl 
sulphone, (CgHglgSOg*, (6) phenyl disulphide, (glisten- 

ing needles, m.-pt. 60 "^), which is very easily prepared by the 
action of iodine upon the potassium compound of thio-phenol, 
or by exposing an ammoniacal solution of the latter to the air. 
It is readily reduced to thio-phenol, and may be indirectly 
oxidized to henzene-disulphoxide, (0(5115)28202. (Cf. the cor- 
responding compounds of the fatty series, p. 98 et seq. 

I. SUBSTITUTED PHENOLS 

Chloro- and Bromo-phenols. — Chlorine and phenol jdeld 0- 
and p-chloro-phenols. All three compounds may be obtained by 
reducing and diazotizing the halogenated nitro-benzenes. Thio- 
cyanogenin non-aqueous solvents forms thep-thiocyano-phenol. 

Of the isomeric di-derivatives, the j^-compounds have the 
highest melting-point and the o- the lowest; thus o-chloro- and 
bromo-phenols are liquid and the ^-compound solid. When 
fused with caustic potash they yield dihydroxy-benzenes (this 
Chap., B.), often with a molecular rearrangement. The chloro- 
phenols have a sharp, persistent odour. All the 5 nuclear hydro- 
gen atoms of phenol can be replaced by chlorine and bromine. 

When an excess of bromine water is added to an aqueous 
solution of phenol, a precipitate of 5-tribromo«phenol (colour- 
less needles, melting at %°) is obtained. 

;7-Nitroso*pheuol, OH-C^H4*NO, prepared from phenol and 
nitrous acid {Baeyer)^ by boiling nitroso-dimethyl-aniline with 
caustic-soda solution (see p. 440 ), and by the action of hydroxyl- 
amine upon quinone, is identical with qitinone monoxime, 
0:CeH4:N-0H (Chap. XXV, F.). It crystallizes in fine colour- 
less needles which readily become brown, or in large greenish- 
brown plates, and detonates when heated. 
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Nitro-phenols.— A mixture of o- and p-nitro-phenols is ob- 
tained when phenol is mixed with cold dilute nitric acid; the 
jo-compound preponderates if the liquid is cold, and the ortho- 
if it is warm. When distilled with steam, the 1 : 2 compound 
volatilizes, while the 1 : 4 remains behind. m-Nitro-phenol is 
obtained by diazotizing m-nitraniline. 

The 0 - and j5-compoimds can also be obtained by fusing o- 
and nitranilines with potash, and j9-nitro-phenol has been 
synthesized from nitro-malonaldehyde, N 02 *CII(CH 0 ) 2 , and 
acetone (Hill and Torray, B., 1895, 2598). 

The o-compound crystallizes in yellow prisms, and melts at 
45®, the m- in yellow crystals, melting at 96®, and the para- in 
colourless needles, melting at 114°, 

The acid character of phenol is so strengthened by the 
entrance of the nitro-group that its salts are not decomposed 
by carbonic acid, but are formed from the nitro-phenols and 
alkali carbonate. Sodium o-nitro-phenate, C6H4(N02)0Na, 
crystallizes in dark-red prisms, and potassium ^-nitro-phenate 
in golden needles. (For constitution of the salts see Chap. 
LXXI, D., Absorption Spectra.) Halogens and nitric acid 
readily substitute further in these mono-nitro-compounds; 
nitric acid 37ields two isomeric dinitro^pbenols, C 6 H 3 (N 02 ) 20 H 
(0H;N02:N02 ~ 1:2:4 and 1:2:6, i.e. the two NO 2 groups are 
always in the w-position to one another). The 2 : 4-dinitro- 
phenol is made from benzene and nitrous gases in the presence 
of acetic acid and mercury as catalyst. The yield is good, and 
the process can be made continuous. Further nitration in 
the presence of sulphuric acid gives: 

Picric acid, s-Trinitro-phenol, Cen2(N02)3-0H, (OILNOg.* 
N02:N02 = 1 : 2 : 4 : 6). This compound was discovered in 
1799. It may also be prepared by the direct oxidation of 
5-trinitro-benzene with KjFeC^Ng, and is produced by the 
action of concentrated nitric acid upon the most varied or- 
ganic substances, e.g. silk, leather, wool, resins, and aniline. 
It is a strong acid and forms beautifully crystalline salts, which 
explode violently when heated or struck. It crystallizes from 
alcohol or water in yellow plates or prisms, melting at 122®, is 
only sparingly soluble in water, and the aqueous solutions have 
a persistent deep-yellow colour. It is used for the preparation 
of explosives, and is also a yellow dye. 

Picryl ohloridey C^H 2 (N 02 ) 3 C 1 (from picric acid and PCI 5 ), 
resembles the acid chlorides (p* 423) in behaviour. Picric 
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acid forroB beautifully crystallizing additive compounds with 
some of the more complex aromatic hydrocarbons, and also 
with amines and phenols, and as these crystallize well and have 
sharp melting-points they are used for identifying members 
of these groups. 

Amino-phenols are obtained by the reduction of nitro- 
phenols: 

CeH4(OH)NH, C«H,{OH)(NH,)a C«Ha(OH)(NO,)(NH2) CeH,(OH)(NH,), 

0-, m-, />- Diamino- Nitro-amino- Triamino- 

Amino-phenola phenols phenols phenol 


In the amino-phenols (Hofmann, 1857) the acid character of 
the phenols is neutralized by the presence of the amino-group, 
so that they only yield salts wdth acids. The amino-phenols 
themselves are relatively unstable, and readily decompose on 
exposure to moist air or sunlight, but the hydrochlorides are 
much more stable. Derivatives of these compounds, as phenols 
and as amines, are known. The amino-hydrogen is readily 
replaceable by acyl groups. 

p-Amino-phenol, m.-pt. 184®, obtained by the electrolysis of 
nitrobenzene in concentrated sulphuric acid (Gattermann), or 
by molecular rearrangement from /8-phenyl -hydroxylamine, or 
by passing j?-0H*CeH4*N02 4- over Cu deposited on 
pumice and heated at 265® (J. A. C. S., 1919, 436), is easily 
oxidized to quinone, CgH40j, and is converted by bleaching- 
powder into quinone chlor-imide, 0:C4H4:NC1. It is used as 
a photographic developer under the name of rodinaL Amidol 
is a salt of 2 : 4-diamino*phenol, and metol is N-methyl-2>-amino- 
phenol sulphate and is readily prepared from quinol and 
methylamine (J. A. C. S., 1919, 270). 

m-Amino-phenol and diethyl-m-amino-phenol, CeH4(OH) 
[N(C2H5 )jJ, are formed when m-amino-benzene-sulphonic acid 
or its diethyl-derivative is fused with alkali. 

The anisidines, amino-anisoles, methoxy -anilines, CH3O *08114 
NHg, and the phenetidines, C2H80*C8H4*NH2, are bases simi- 
lar to aniline, and are used in the colour industry (azo-dyes), 
Aoeto - p - phenetidine, C2H50*C8H4*NH*C0*CH3, phenacetine 
which forms colourless crystals, is a common anti-pyretic. 

Diazo-phenols exist in the form of anhydrides, probably 


CeH 





(BiSO) 


(Morgan and Porter, J. C. S., 1915, 645; 


cf. 


17 
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Bamberger y B., 1915, 1354). Tlic rn-coiapouiicLs do not appear 
to form 8 uch anhydrides (J. C. )S., 1917, 497). 

Phenol-sulphonic acids, 0 H-GgH 4 S 02 - 0 H. — The o- and 
j!>-acids are obtained from phenol and concentrated HgSO^ at 
a moderate temperature, that is, with much greater ease than 
the benzene-sulphonic acids; the ortho^acid changes into the 
para- when its aqueous solution is heated. The two acids may 
be separated by means of their poLassium salts. The m-com- 
pound can be prepared indirectly by fusing m-benzene- 
disulphonic acid with potash. All three are crystalline. 

The 0 - and /w -acids yield o- and m-di hydroxy- benzenes when 
fused with KOH, but the p-acid does not react in this way, 
being attacked only at temperatures over 320'^, when comj>lex 
products arc formed. o-Phenol-sulphonic acid is used as an 
antiseptic under the name of ‘‘ Ascptol or “ Sozolic acid 
similarly, the salts of di-iodo-^i-phenol-sulphonic acid, 
OH*C 0 H 2 l 2 *SO 3 H, “ Sozo-iodol form antiseptics resemblin.g 
iodoform. 


2. HOMOLOGUES OF PHENOL 

The homologues of phenol resemble the latter very closely 
in most of their properties, form perfectly analogous deriva- 
tives, possess disinfecting properties, and also a peculiar odour. 

They differ from phenol mainly by the presence of side 
chains which, as in the case of toluene, &c., may undergo 
certain transformations. When used in the form of alkyl or 
acyl derivatives or acid sulphates, they can be oxidized in 
such a manner that the side chains (methyl groups) are trans- 
formed into carboxyl, with the production of hydroxy-car- 
boxylic acids. The cresola themselves cannot be oxidized in 
this way even by chromic acid mixture, and are completely 
destroyed by potassium permanganate. Negative substituents, 
especially if they are present in the o-position, render such oxida- 
tion more difficult in acid, but facilitate it in alkaline solution. 

All three cresols, CH3-C0H4*OH, are present in coal-tar, and 
are also contained in the tar from pine and beech wood ; they 
are most readily prepared from the corresponding toluidines. 

m-Cresol is conveniently prepared by heating thymol with 
phosphoric anhydride and then with potash. 

p~Cresol is produced during the putrefaction of albumen. 
Its dinitro-oompound is a golden-yellow dye which is used as 
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ammonium or potassium salt under the name Victoria orange. 
Crude cresol is rendered soluble in water by the addition of 
resin soap or of oil soap; the preparations so obtained are 
termed creoUne and hjsoly and are employed as antiseptics. 

Th3miol. l-methylA-isofropyl-^’hydroxy-benzene, an 

important antiseptic, is found together with cymene, CjioHj4, 
and terpenes, CioHig, in oil of thyme, Thymus serpyllum, and 
the oil from Ajwan fruit, Carum copticum, and on hydrogena- 
tion ^elds menthol (Chap. LVII, B2). 

It is used medicinally in hook-worm disease and is a valuable 
antiseptic. It can be manufactured by the following processes : 

1 . By the dehydrogenation of piperitone from Australian euca- 
lyptus oil (Chap. LVII, B2) with a Ni or Cu catalyst at 200®, 
but menthone is formed at the same time (B., 1927, 2335). 

2. From p-cymene (methyl-4-iso-propylbenzene) by the 
following reactions: nitration in 2 position, reduction to 
2-amino, sulphonation to 2-amino-5-Bulphonic acid, diazo- 
tizing to diazo-cymene-sulphonic acid anhydride, reduction to 
l-methyl-4-isopropyl-2-hydrazino-benzene-5-8ulphonic acid, re- 
moval of ‘NH'NHg group by CUSO4 and replacement of SO3K 
by OK by fusion with potash (J. A. C. S., 1923, 1489). 

3. From 2-nitro-p-cymene. Reduction with aluminium 
amalgam to the 2-’NH*OH compound, which with hydro- 
chloric acid gives the 2-amino-5-hydroxy compound, and this 
diazotized and treated with SnClg and HCl removes the diazo- 
group yielding thymol (Bull. Soc., 1927, 41 , 454). 

The isomeric carvacrol, \-m€thylA-i8opropyl-2'hydroxy-hen- 
zene, present in Origanum hirtum^ is prepared either by heating 
camphor with iodine or from its isomer, carvol, and glacial 
phosphoric acid. 

The constitutions of these two phenols have been established 
as follows: (a) Both yield cymene (jj-methyl-isopropyl-ben- 
zene) when heated with phosphorus sulphide and similar 
compounds, (b) Carvacrol, when heated with phosphorus 
pentoxide, yields propylene and o-cresol. (c) Thymol, when 
similarly treated, yields propylene and w-cresol. 

C,H, a,H4(CH,)(OH) -► C,H4 + OH CeH^ CH, (o or m). 

Eogenol is the chief constituent of oil of cloves and cinnamon 
leaf oil and is used for manufacturing vanillin (Chap. XXV, D.). 

Safrol, l-aIlyl-3: 4-methylenedioxy benzene constitutes 85 
per cent of sassafras oil. 
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B. Dihydric Phenols 

These are analogous to the monohydric compounds in most 
of their relations, but differ from them in the same way as the 
dihydric alcohols from the monohydric. The methods of 
formation are analogous to those used for the monohydric 
phenols, especially by fusion of sulphonic acids and halogen 
derivatives with potash; instead, however, of the compound 
expected, an isomeride which is stable at that high tempera- 
ture frequently results (see Resorcinol). The p-dihydroxy- 
compounds are characterized by their close connexion with 
the quinones. Many of the polyhydric phenols are strong 
reducing agents. 

Catechol, formerly called pyrocatechin, CeH4(OH)2 (1 : 2), 
which was first obtained by the distillation of catechin 
{Mimosa catechu)^ is present in raw beet-sugar, and is ob- 
tained when many resins or o-phenol-sulphonic acid are fused 
with potash. It crystallizes in short, white, rhombic prisms, 
which can be sublimed, and dissolves readily in water, alcohol, 
and ether. 

It is usually prepared by heating its mono-methyl ether, 
guaiacol, CgH 4 (OH)(OCH 3 ), a constituent of beech-wood tar, 
with hydriodic acid (see Anisole, p. 477), or synthetically from 
benzene by the following series of reactions: 

CeH. -> C.HjCI 0 CI C4H4 NO, -> o OMe CeH4 NOg OMe CgHg-NH, 
(MeOH + KOH) 

OMe CgHg OH. 
diazotised 

Like most polyhydric phenols, catechol is very unstable in 
alkaline solution, which quickly becomes green and then black 
in the air. The aqueous solution is coloured green by ferric 
chloride, and then violet by ammonia (reactions of the 0 - 
dihydroxy-compounds). It possesses reducing properties, and 
precipitates silver even from a cold solution of silver nitrate. 
By the continued action of chlorine upon it, derivatives of 
cyclo-pentane and finally of the fatty series result {Zincke 
and Kiister), By boiling it with potash and potassium methyl- 
sulphate, it may be reconverted into guaiacol. Guaiacol, its 
benzoate and its carbonate, OMe*C 3 H 4 *O-CO*O-C 0 H 4 ‘OMe, are 
used medicinally. 

Resordnol, or m-Dihydroxy-benzene {Hhmwelz, Barth, 1864), 
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is obtained when many reams (Qalbannm, Asafcetida), m- 
phenol-sulphonic acid, all three bromo-benzene-aulphonic acids, 
or m- and p-benzene-disulphonic acids are fused with potash. 
The last-mentioned compounds are employed for its prepara- 
tion on the technical scale. It crystallizes in rhombic prisms 
or plates, which quickly become brown in the air, dissolves 
readily in water, alcohol, and ether, and reduces an aqueous 
solution of silver nitrate when warmed with it, and an alkaline 
solution even in the cold. With ferric chloride it gives a dark- 
violet coloration. It acts therapeutically like carbolic acid, 
only more mildly. 

When heated with phthalic anhydride, it is converted into 
fluorescein (Chap. XXX, 4) (test for m-dihydroxy-benzenes), 
and it is therefore manufactured on the large scale. Nitrous 
acid or diazonium compounds transform it into azo-dyes 
(Chap. LIX, B.). Its trinitro-derivative is styphnio acid, 
CeH(0H)2(N02)3, which is formed by the action of nitric acid 
upon many gum resins. 

Quinol, formerly called hydroquinone, p-dikydroxy-benzene 
(Wohler y 1844), may be obtained by the oxidation of quinic 
acid, €7111203, by means of PbOg, by the hydrolysis of the 
glucoside arbutin, and from succinylo-succinic ester (Chap. 
XVII, F.), &c. It is usually prepared by the reduction of 
quinone with sulphurous acid, and hence the name hydro- 
quinone. It crystallizes in monoclinic plates or hexagonal 
prisms, of about the same solubility as its isomers, and may be 
sublimed. Ammonia colours it reddish-brown, while chromic 
acid, ferric chloride, and other oxidizing agents convert it into 
quinone or quinhydrone (Chap. XXV, E.). It melts at 169°, 
and, being a strong reducing agent, it is used as a developer 
in photography. 

Lead acetate solution yields a white precipitate with a 
solution of catechol, but none with resorcinol, while quinol is 
only precipitated in presence of ammonia. 

Orcinol, or m-Dihydroxy^toluemy (CH^iOHrOH >= 1:3:5), 
is found in many lichens (Rocdla tinctoriay Lecanoray &c.). It 
is formed by the elimination of carbon dioxide from orsellinic 
acid, e.g. upon fusing extract of aloes with potash, and it can 
also be prepared synthetically from toluene. Of especial 
interest is its synthesis from ethyl acetone-dicarboxylate 
(Chap. X, F.) and sodium (If^old, J. C. S., 1922, 1143). It 
does not yield a fluorescein with phthalic anhydride. 
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Homo-catechol, CoH3(CH3){OTI)2, (OIL, : OH : OH - 1 : 3 : 4), 
deserves mention on account of its monu-rnethyl ether creosol, 
CH3*Cgn3(0H)(0*CH3), occurring in beech-wood. tar. Creosol 
is a liquid similar to guaiacol, boiling at 220°, and, as a deri- 
vative of catechol, gives a green coloration with ferric chloride. 

Qumitol {Cyclo‘hexane-1 : i-diol), f-diJujdroxy-hexajneihylene, 
CeHjo(OH)2, a dihydro .xy-derivative of reduced benzene, is 
obtained synthetically by the reduction of j^-dikcto-hexa- 
methylene. It crystallizes in crusts, and has a sweet taste 
with a bitter after-taste; m.-pt. 144°. It is the simplest repre- 
sentative of the inosite sugar group (this Chap., C.). 


C. Trihydric Phenols 

PKOgallol, Pyrogallic acid (Scheelcy 1786), 1:2: 3-trihydroxy- 
benzene y is the most important of these three isomers. It is 
obtained, apart from synthetical reactions, by heating gallic 
acid, when carbon dioxide is eliminated: 03112(011)3*00211 — 
CflH3(OII)3 + COg. It crystallizes in white j)lates, melts at 
132°, is readily soluble in water, and capable of subliming 
without decomposition. It is an energetic reducing agent, e.g. 
for silver salts, and is used as a developer in photography. Its 
alkaline solution rapidly absorbs oxygen, hence its use in gas 
analysis. 

In the presence of NaOII the oxidation product appears to be 
a hexa-hydroxy-triphenoquinone, 0 : 00112(011)2 : 00112(011)2 : 
C0H2(OH)2:O (J. C, S., 1915, 1217), or in the presence of 
Ba(0H)2 2 : 3 : 4 : 2' : 3' : 4'-hexa-hydroxy-diphenyl, (OH)3C0H2* 
C0H2(OH)3 (A., 1912, 394, 249), 

The aqueous solution is coloured bluish-black by a solution 
of ferrous sulphate containing ferric salt, and purple-red by 
iodine. It does not react with hydroxylamine (cf. Phloro- 
glucinolj. 

Fyrogallol dimethyl ether* C0H3(OH)(OCH3)2 (Hofmann), 
is contained in beech- wood tar, as are also the dimethyl ethers 
of the compounds C0H2(CH3)(OH)3 and C0H2(C3H7)(OH)3, 
homologous with pyrogalloL 

Phlorogincinol, or 1:3: 5-Trihydroxy-benzene (Hlasiwetz, 
1855), is obtained by the fusion of various resins and of resor- 
cinol with potash or soda, by the action of alkali upon the 
glucoside phloretin, and by fusing its dicarboxylic ester (whose 
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synthetical formation is given on p. 510) with potash. It 
forms large prisms which w^eather in the air, melts at 218®, 
and sublimes without decomposition. With ferric chloride it 
gives a dark-violet coloration, its solutions in alkalis readily 
absorb carbon dioxide, and it possesses reducing properties. 

Phlorogliicinol is a typical tautomeric compound. 

In many reactions, e.g. (a) the formation of metallic deriva- 
tives, Cf,H3(OK)3; of a trimethyl ether, CgH3(OCH3), which is 
insoluble in alkali; and of a triacetyl derivative, CgH3(OAc)3; 
(6) its combination with phenybcarbimide to form a tricarbani- 
line derivative, CJl3(0*C0‘NH*CeH5)3, it reacts as a normal 
phenol, i.e. as sym. trihydroxy-benzene. On the other hand, 
however, in certain of its reactions it behaves as a ketone, i.e. 

/Cllg-CO. 

as trikcto-hexamcthylene, 00s /CHg; thus it yields 

^OH^CO^ 

a trioxirac, CgIle(:N’OH)3, and when alkylated in presence of 
alcoholic potash yields tetra- and hexa-alkyl derivatives, e.g. 

.CMea-CO. 

CeMogOa, C0(^ pCMcg. Its ultra-violet absorption 

^CMeg-CO^ 

spectrum (Iledley, J. C, S., 1906, 730) resembles that of other 
phenols. 

Hydrozy-iiuinol, 1:2: i’-Trihjdroxy-benzene, is obtained by 
fusing quinol with potash. Like pyrogallol, it yields no oxime 
with hydroxylamine. 

Hezahydrozy-benzene, Cg(OH)3, forms as its potassium salt 
potassium carboxide, C^Ogl^, the explosive com})Ound some- 
times obtained in the manufacture of metallic potassium. 
It crystallizes in colourless prisms, has no definite melting- 
point, but decomposes at about 200®, and can be converted 
into its quinone. 

Qaercitol, C0ll7(OH)5, found in the oak, and inosite or 
inositol, C6H3(OH)g, found in the muscles of the heart, are 
polyhydroxy-derivatives of cyclo-hexane. In many respects 
they closely resemble the aliphatic polyhydric alcohols rham- 
nitol and sorbitol. Quercitol melts at 235®, is optically active, 
and has [a]D *= -f 24*16. Inositol or hexahydroxy -cyclo-hexane 
exists in five inactive and in d-, I-, and r-modifications. 
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XXV. AROMATIC ALCOHOLS, ALDEHYDES, AND 
KETONES 

A. Aromatic Alcohols 

Isomeric with certain phenols are the aromatic alcohols 
wliich closely resemble the aliphatic hydroxy compounds. 
The simplest and most important of these is benzyl alcohol, 
C^Hj-OH, which is isomeric with the cresols. 

CHg CcH^-OH (cresols) CeH^ CHg OH (benzyl alcohol). 

Characteristic of all aromatic alcohols is the fact that the 
hydroxyl group is attached to a carbon atom of a side chain 
and not to a carbon atom of the nucleus. It is thus clear that 
each alcohol will have one or more phenols isomeric with it. 
The three cresols, o-, m*, p-methyl phenols are isomeric with 
benzyl alcohol and /S-phenylethyl alcohol is isomeric with the 
dimethylphenols and with the ethylphenols. The alcohols 
are also isomeric with the phenolic ethers, e.g. benzyl alcohol 
with phenyl methyl ether. 

The formula, CVHg-CHg'OH, for benzyl alcohol follows 
from the formation of the alcohol from benzyl chloride, 
CgHg-CHgCl (and vice versa), and also from the fact that it 
can be oxidized to an aldehyde and an acid containing the 
same number of carbon atoms in the molecule as itself: 

CfiHsCHa-OH CeH.CHO CeH^COOH. 

Benzyl alcohol (Benzene- Benzaldehyde (Benzene- Benzoic acid (Benzene- 
mcthylol) inethylal) carboxylic acid) 

Benzyl alcohol may also be looked upon as methyl alcohol 
in which one atom of hydrogen is replaced by the group CeH5: 

H CHa'OH (carbinol) CtHg-CHj OH (phenyl-carbinol) 

and is therefore the simplest aromatic alcohol. 

As in the fatty series, so in the aromatic, the alcohols can 
be classified into the three main groups: primary, secondary, 
and tertiary. The primary contain the group — CHg-OH, the 
secondary the group — CH-OH, and the tertiary the group 
^C-OH, and all must have at least one aryl group attached 
to the characteristic group. In triphenylcarbinol, {CgH5)3C*OH, 
all three alkyl groups are aromatic, but this is not essential, 
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e.g. phenyldimethylcarbinol, C 6 n 5 *('(CH 3 ) 2 -On is a tortiary 
aromatic alcohol. 

The primary, secondary, and tertiary are differentiated in 
exactly the same manner as the corresponding groups in the 
aliphatic series. Thus the primary yield on oxidation first 
aldehydes and then acids containing the same number of 
carbon atoms, the secondary yield ketones, e.g. (C 6 H 5 ) 2 CH-OH 
yields (CgH 5 ) 2 CO, benzophenone, and the tertiary are not 
readily oxidized. 

Of the polyhydric alcohols, phenyl-glycerol (1-phenyl-l :2:3- 
trihydroxypropane) is the most important. All of these con- 
tain the hydroxyl radicals attached to carbon atoms of the 
side chain and not to those of the nucleus, and this is the 
fundamental difference between an aromatic alcohol and a 
phenol. The alcohols are not of the same commercial impor- 
tance as the phenols, and hence have not been investigated to 
the same extent. 

Only a few occur naturally, e.g. j9-phenyl ethyl alcohol ; they 
are usually prepared by laboratory methods, e.g. the primary 
by the reduction of the esters of aromatic acids by BouveaulCs 
method, or of the acid amides ; the secondary by the reduction 
of ketones or by the aid of Grignard^s reagents and aldehydes, 
and the tertiary by the same method from esters or ketones 
(Chap. IV, H.).‘ 

These alcohols closely resemble the alcohols of the fatty 
series, so far as regards the formation of alcoholates, ethers, 
esters, mercaptans, amines, phosphines, &c. They are, how- 
ever, at the same time benzene derivatives, and consequently 
yield chloro-, bromo-, nitro-, amino-, &c., substitution pro- 
ducts. Unsaturated aromatic alcohols are also known, which 
resemble the unsaturated aliphatic compounds in their chemical 
behaviour, but are at the same time benzene derivatives. 

Benzyl alcohol, CgHg CHg-OH, is a colourless liquid of 
faint aromatic odour, sparingly soluble in wat^r, and boils at 
204®. It occurs naturally in Peru and Tolu balsams as ben- 
zoic and ciimamic esters, and is formed from benzyl chloride 
just as alcohol is from ethyl chloride. It is usually prepared 
by the action of concentrated aqueous potash on benzaldehyde, 
whereby the one half of the aldehyde is oxidized and the 
remainder reduced (B., 1881, 2394; Cannizzaro reaction, 1853, 
a process often termed dismutation) : 

2C.H5 CHO ^ KOH - C*H, CH, OH + C.Hj COOK, 

( 11480 ) 17 * 
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This type of reaction occurs with most substituted benz- 
aldehydes with the exception of those containing OH groups, 
and also occurs with aliphatic aldehydes which do not readily 
polymerize to aldols (Chap. IX, C.), and by using aluminium 
or magnesium alkoxides it is possible to obtain the ester 
formed by the reaction of the acid with the alcohol, e.g. : 

2R-CH2 CHO -> R CHa CO O CIfa-CILR 

{Child and Atkins, J. A. C. S., 1923, 3013; 1925, 798). 

Benzyl alcohol is also formed when benzainide is reduced 
with sodium amalgam. This is a reaction which has been 
employed for the preparation of a number of substituted 
benzyl alcohols {Hutchinson, B., 1891, 173). 

Phenyl-ethyl alcohol, b.-pt. 220", is 

prepared by reducing ethyl phenylacetate with sodium and 
alcohol, Bouveault and Bla7ic's method (Chap. XLVII, A.). It 
is an important constituent of rose oil and of many blended 
perfumes. 

Phenyl-methyl-carbinol, C 6 H 6 -CH(OH)*CH 3 , b.-pt. 203", can 
be prepared by reducing acetophenone, CeH^-CO-CHg (this 
Chap., C.) into which it is reconverted by gentle oxidation. 

The simplest of the unsaturatcd alcohols is cinnamic alco- 
hol, CeHs-CHrCH CHgOH, which occurs as cinnamic ester 
(“ styracin ”) in storax. It crystallizes in glistening needles 
of hyacinth-like odour, yields cinnamic acid when gently oxi- 
dized, and benzoic when the oxidation is more vigorous. 

Ethylene oxides containing aryl substituents are much 
more stable than those containing alphyl-groups (p. 218, A.). 
Thus t^?-bromoacetophenone, C^Hg-CO’CHaBr, readily condenses 
in the presence of NaOEt with substituted benzaldehydes con- 
taining negative groups, yielding ethylene oxides of the type, 

/CHCeH^Cl 

CeHjCO'CH/I 

(cf. B., 1917, 1457, and 1918, 192). 


B. Aromatic Aldehydes 

Benzaldehyde, Benzene-methylal, or oil of bitter dtmonds, 
C^Hg-CHO, discovered in 1803 and investigated by lAeiAg 
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and Wohhf, is a colourless, strongly refracting liquid of agree- 
able bitter almond-oil odour. It boils at 179®, has a sp. gr. 
1*05 at 15°, and is readily soluble in alcohol and ether, but 
only sparingly in water (1 in 30). 

Many of the modes of formation are analogous to those 
described under the aliphatic aldehydes (Chap. V, A.): 

(a) By the oxidation of the corresponding alcohol. This 
reaction is of little practical value, as the alcohols themselves 
are usually prepared from the aldehydes. 

[h) By the distillation of the calcium salt of the correspond- 
ing acid, benzoic acid, with calcium formate. 

(c) By heating the corresponding dichloride, benzal chloride, 
or benzyl idene chloride, Cgllg-CHC^ (from toluene), with 
water or sulphuric acid, or, as is done on the technical scale, 
with water and lime; also by heating benzyl chloride, C^Hg* 
CHgCl, with water and plumbous or cupric nitrate, or the 
bromide with sodium nitrate (U. S. P.), or by oxidizing the 
chloride with sodium dichromate and camstic soda (E. P.). 
This method involves processes of hydrolysis and oxidation: 

^O. 

{d) Together with dextrose and hydrocyanic acid by decom- 
posing amygdalin, C20H27O11N, a glucoside (see Glycosides, 
Chap. LVI, F.) which occurs in bitter almonds and crys- 
tallizes in white plates, either by means of sulphuric acid 
or by emulsin (an enzyme likewise present in bitter almonds) 
(Chap. LXIX, D.): 

+ 2H.0 - CeHj CHO + 2CeHi,0, + CNH. 

(e) By the action of chromyl chloride, Cr02Cl2, upon toluene. 
This is Etard's reaction (1881), and is of great value for the 
synthesis of aldehydes and also of certain ketones from hydro- 
carbons. An additive compound, CeH5-CH3(Cr02Cl2)2, is first 
formed, and yields the aldehyde on the addition of water 
(B., 1884, 1462, 1700; 1899, 1050; J. C. S., 1907, 259), 

Mn02 and dilute H2SO4 can also be used as oxidizing agents, 
or even better CrOg with acetic anhydride when the diacetate, 
R'CH(0 Ac) 2, is formed, and prevents further oxidation (A., 
1900, 811 . 353). 

{/) By the action of Orignard's phenyl-magnesium bromide on 
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ethyl orthoformate {Bodroux, C. R., 1904, 138, 92 and 700), e.g.: 

CeHs-Mg-Br + CH(OEt), - OEt Mg.Br + C.Hj CHiOEt),. 

C,H5 CH(OEt), hydr^ysed c^Hj CHO. 

Gattermann and Maffezzoli (B., 1903, 4152) have used Grig- 
iiard’s compound with a large excess of ethyl formate at low 
temperatures. 

(g) Homologues of benzaldehyde are sometimes prepared 
by the elimination of carbon dioxide from substituted phenyl- 
glyoxylic acids by a process of distillation : 

CeH4X CO CO,H -> CgH^X-CX 

^ 0 . 

(A) A simple synthesis can be effected by heating the hydro- 
carbon with carbon monoxide under a pressure of 50-90 
atmospheres (E. P., 1915; cf. J. I. E. C., 1933, 497), or by 
action of a mixture of CO and HCI (reacting as H-CO-Cl) on the 
hydrocarbon with a little CuOl {Gattermann^ A., 1906, 347, 347). 

(^) By passing hydrogen into a boiling 20 per cent solution 
of benzoyl chloride in xylene, using palladinized BaSO^ as 
catalyst (cf. Chap. VII, B). 

Behaviour. — 1 . Its behaviour is that of an aldehyde, and in 
many respects it closely resembles the aliphatic aldehydes. 
Thus it is (a) easily oxidizable to the acid, and on this account 
reduces an ammoniacal silver solution with the production of 
a mirror; {b) reducible to the alcohol; (c) capable of forming 
a crystalline additive compound with NaHSOg; (d) capable of 
combining with HCN (see Mandelic Acid); (c) capable of 
reacting with hydroxylamine and phenyl-hydrazine to benz- 
aldoxime, CgH 5 *CH:N’OH, and benzaldehyde-phenyl-hydra- 
zone, Cgllg’CH : NgH-CflHg, respectively; (/) converted into 
benzylidene chloride, CeH 5 ‘CHCl 2 , by the action of PCI 5 . 

2. Benzaldehyde does not form an additive compound with 
ammonia analogous to the aldehyde ammonias of the aliphatic 
series, but enters into a somewhat complex condensation, 
yielding hydrobenzamide : 

3CeH,'CHO + 2NH. - (C.Hj CHlgN, + 3H,0. 

3. Benzaldehyde and its homologues can undergo poly- 
merization, e.g. when an alcoholic solution of benzaldehyde is 
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boiled with potasHiiirn cyauide, benzoin is formed (a balanced 
reaction, J. A. C. 8., 1923, 83G): 

Cell, CH : O + I O ^ (’.eH5 CH(OH) CO C«H,. 

a compound which is both a secondary alcohol and a ketone. 

4. Condmmiions: (a) The 0 atom of the -CIIO group is 
remarkably reactive, and usually reacts with the Hg of a 
methylene group provided this is attached to CO, CN, NO.^, 
a benzene nucleus or a conjugated system, and this type of 
condensation serves for the preparation of hydroxyaldehydes, 
unsaturat/ed ketones, unsaturated acids, unsaturated nitro- 
compounds, and unsaturat^d nitriles, e.g.: 

+ CH3CH0 -> Cell, cii : oil CHO. 

CeH, CH :0 + CH3 CO OH ^CeH^ CEI :CH CO ()H. 

In most cases a condensing agent is required. 

(b) With aromatic arylamines they form benzylidene deriva- 
tives, azomethines or Schiff’s bases . 

C3H5 OH : io T ^ » HgO + C,H, CH : N CeH». 

An intermediate product is the additive compound 
R*CII(OH)*NIiR, which loses water yielding the azometbine. 
A few such additive compounds have actually been isolated 
(Dimroth and Zoepritz, B., 1902, 984; 1906, 2810; Lowy and 
others, J. A. C, 8,, 1921, 344, 626), 

(c) With tertiary annnes, e.g.: 

+ C.Hj CHO -= H ,0 + C.H^ CHfCeH. NMed*, 

when a substituted diamino-derivative of triphenyl -methane is 
produced (Chap. XXX, 1). 

5. The dismutation under the influence of alkalis {Canniz- 
zaro reaction) with the formation of alcohol and acid has 
already been referred to (Chap. XXV, A.). 

6. As a benzene derivative, it can be substituted by halogens 
(indirectly), and can be nitrated, sulphonated, &c. (directly). 

At the boiling temperature chlorine enters the side chain, 
pelding benzoyl chloride, CeHg-COCl (cf. Toluene). 

Among its derivatives the following deserve mention: 

a-Ben^dcudme, Benz-a-aldoxime^ CeH 5 *CH : N-OH, melts 
at 36®, and decomposes when boiled. It can be transformed 
by means of acids into the isomeric j3-benzaldoxime, which 
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melts at 125*^ (for velocity cf, Patterson, J. C. S., 1907, 504; 
1908, 1041), and in contradistinction to the isomer, readily 
reacts with acetic anhydride yielding benzonitrile. The 
oximes are stereo-isomeric (Chap. L, Cl). 

Benzaldehyde - phenyl - hydrazone, C^TIs CH : N NHCgHg, 
forms colourless crystals, melting at 152°. Benzylideneazine, 
CHPh:N*N:CHPh, from benzaldehyde and hydrazine sul- 
phate, has m.-pt. 93°. 

Nitro-benzaldehydes, NOg OgH^ CHO.- The m-compouiid is 
the chief product of nitration, but some 20 per cent of the 
o-compound is formed at the same time. The latter is pre- 
pared by oxidizing o-nitro-cinnamic acid by KMnO^, in 
ence of benzene; it forms long colourless needles, melting at 
46°, yields indigo (Chap. XLI, C.) with acetone and caustic 
soda, and on exposure to sunlight forms o-nitroso-benzoic acid. 
It can be reduced to o-amino-benzaldehyde, NH2*C6H4*CHO, 
a compound crystallizing in silvery glistening plates, m.-pt. 
46°, which is of value for various synthetical reactions (see 
Quinoline, Chap. XLIV, A2). m-Amino-benzaldehyde, pre- 
pared by reducing the bisulphite compound of m-nitro-benzal- 
dehyde, is used in the production of triphenyl-methane dyes 
(Chap, XXX). 

Cinnamaldehyde, CgHg CHiCH CHO, is the chief con- 
stituent of oil of cinnamon (Cinnamonum zeylanicum) of Ceylon, 
and oil of cassia (0. cassia) of China, from which it may be 
isolated by means of its bisulphite-compound. It is an oil 
of aromatic odour, boils at 246°, and is readily volatile with 
steam. In addition to its properties as an aldehyde, it also 
possesses the properties of an unsaturated compound, e.g. forms 
a dibromide. Its reaction with potassium hydrogen sulphite is 
characteristic. It first forms an additive compound, CgllgCH : 
CH-CH(0H)(S03K), like an ordinary aldehyde, and then, as 
an unsaturated compound, combines with a second molecule 
of the sulphite; yielding CeH5-CH(S03K)-CH2*CH(0H) 
(8O3K) -f 2H3O, (B., 1891, 1805; 1898, 3301.) 

When cinnamaldehyde is used in many of the condensa- 
tions mentioned on p. 493 the product contains two olefine 
linkingB, thus with malonic ester the product, CgH5-CH:CH* 
CH : C(C03jEt)2, ethyl cinnamylidene-malonate is formed. 

Particular aldehydes are usually identified by the melting- 
points of their }?-nitrophenyI- or 2 : 4-dinitrophenyl-hydrazones 
or by Doebner reaction (B., 1894, 352), where the aldehyde is 
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condensed with pyruvic acid and a primary arylamine, pre- 
ferably j9-naphthylamine: 

/N : CK X 

C,,H, N1J2 h CHa-CO COjr f R'ClfO-^ C,oHe< > 

^C{CO,H):CH/ 

The acid readily loses CO 2 and an a-aryl-j8-naphthoquinoline 
of definite melting-point is formed. 


C, Aromatic Ketones 

The aromatic ketones are usually divided into (1) mixed 
ketones, aryl-alphyl ketones, e.g. and (2) true 

aromatic or diaryl ketones, e.g. Cgll^-CO-CgHg. 

Acetophenone, Phenyl methyl ketone^ CgHg-CO-CHs, crystal- 
lizes in colourless plates, is readily soluble in water, melts at 
20®, boils at 2CX)®. It is obtained by the normal modes of pre- 
paration for ketones, e.g. by distilling a mixture of acetate and 
benzoaf/C of calcium, as also by the Friedel-Crafts synthesis (p. 
405), viz. the conjoint action of acetyl chloride and aluminium 
chloride upon benzene. Suiphoacetic acid (acetic anhydride 
and sulphuric acid) can be substituted for the acid chloride and 
A1C1;„ e.g. in the case of guaiacol (B., 1922, 1892; J. pr., 1921 
[ii], 103 , 329). When benzene and its derivatives are con- 
verted into ketnnes by this method, only one acyl group is in- 
troduced as a rule, and this into the para-position with respect 
to any alkyl group already present. With a sym. trialkylated 
benzene, e.g. mesitylene, it has been found possible to introduce 
two acyl groups, e.g. diacetyl-mesitylene, (CIlalgCgHfOOCHglj, 
(F. Meyer, B., 1895, 3212; 1896, 846, 1413). When the tem- 
perature is kept low by diluting the mixture with carbon 
disulphide, a good yield of ketone may be obtained by the 
FriedePCrafts method. 

Acetophenone unites in itself the properties of a ketone of 
the fatty series and of a benzene derivative. It yields benzoic 
acid and carbon dioxide when oxidized with ordinary oxidizing 
agents, but with cold alkaline permanganate it yields 
CO CO 2 H, phenyl-glyoxylic acid or benzoyl-formic add* 
When warmed with halogens, it is substituted in the side 
chain (e»g. to pbenacyl bromide”, CgHfi-COCH^Br), and 
with nitric acid it is nitrated. It is used as a soporific under 
the name of “ Hypnone ”, Its oxime melts at 69®, and its 
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phenyl-hydrazone at 105°. It combines with hydrogen cyanide 
to form the nitrile of a-phenyl-lactic acid, but cannot form an 
additive compound with sodium hydrogen sulphite. 

Its homologues closely resemble it, but are liquid at the 
ordinary temperature. Acetophenone and some of its homo- 
logues can be prepared from hydrocarbons with long side chains 
by Etard's reaction (see p. 491: B., 1890, 1070; 1891, 1356). 
Aromatic polyketones (cf. p. 254) have also been prepared, e.g. 
benzoyl-acetone, CeHg CO CHgCO CHg, and acetophenone- 
acetone, CeH 5 *CO*CH 2 *CH 2 ‘CO*CH 3 . The latter, like acetonyl- 
acetone, is readily converted into fiirane, pyrrole, and thio- 
phene derivatives (Chap. XL). 

Benzaldehyde condenses with acetone and acetophenone 
in the presence of alkalis, yielding unsaturated ketones, 
e.g. Benzylideneacetone, CHPh:CH Cb CH 3 , m.-pt. 41°, and 
benzylidene-acetophenone, chalcone, CHPh CH : CH CO-CeHg, 
m.-pt. 58°. 

Benzophenone, DiphenyUketoney Cgllg-CO-CgHg, may be 
obtained ( 1 ) by distilling calcium benzoate, ( 2 ) by the Friedel- 
Crafts synthesis, (3) by the oxidation of diphenylmethane, 
(C^H 5 ) 2 CH 2 , or of diphenyl-carbinol, (C^jHglgCH-OH. 

Ketones are also formed by the wandering of acyl groups 
from phenolic esters, e.g. : 

O -> K CO C.H^ OH 

(cf. Abs., 1928, A., 1011 , 1013). 

Good yields of ketones are not usually obtained by the 
action of Grignard^s reagents on acid chlorides; as a rule the 
reaction proceeds farther, and a tertiary alcohol is obtained 
(Chap. IV, H.). An exception is found in the reaction between 
a-naphthyl-magnesium bromide and benzoyl chloride. 

Ketones can (Blaise^ C. R., 1901, 182 , 38; 133 , 299) be 
synthesized from Grignard's reagents and nitriles, or amides: 

R CN -f R' Mg l - RR'C:NMgI, 

and this with water gives R-CO-R' -f NH 3 + LMg’OH. Acid 
amides react in a somewhat similar manner. 

Benzophenone is dimorphous; the stable modification melts 
at 49°, and when boiled or distilled yields the unstable modi- 
fication, melting at 26°; but this gradually passes back again 
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into the stable modification. The reaction is, however, con- 
siderably accelerated by the addition of a minute crystal of 
the stable compound. It yields an oxime melting at 140° and 
a phenyl-hydrazone melting at 105°. 

When reduced with zinc dust or hydriodic acid and red 
phosphorus, it yields diphenylmethane. 


D. Hydroxy or Phenolic Alcohols, Aldehydes, 
and Ketones 

Formula Name Constitution 

OH CeH 4 CHaOn . . . . Saligenin, o- hydroxy -benzyl -alcohol. 

OCHs CgH^ CHjOH , . . . Anisyl alcohol, ;)-methoxy-benzyl al- 

cohol. 

OH C«Hg(OMe) CHjOII . . Vanil alcohol, 3-methoxy-4-hydroxy* 

benzyl alcohol. 

0H CflH3(0Me) CH :CH CH, On Omiferyl alcohol, [OCH,:OH « 3:4]. 
OH Call^ CHO . . Salicyl-aldehyde, o-hydroxy-benzalde* 

hyde. 

OCH8 CflH 4 CHO . . . . Anisaldehyde, 7 )-methoxy-benzalde- 

hyde. 

(OH)aC 4 H, CHO . . . . Procatechuic aldehyde, 3 : 4'dihydroxy 

benzaldehyde. 

OH CeHg(OMo) CHO . . . . Vanillin, 3-methoxy-4- hydroxy- benzal- 

dehyde. 

CHgOj I CgHa CHO . . . . Piperonal, methylene-protocatechuic 

aldehyde. 

A large number of compounds are known which possess 
phenolic properties in addition to those of an alcohol, aldehyde, 
or ketone. Several of these compounds occur as glucosides in 
nature. Anisaldehyde is obtained from the oxidation of anisole 
(methyl phenyl ether). 

Tiermnn-Reimer* s synthesis consists in heating a phenol with 
chloroform in the presence of concentrated KOH: 

CgHg OK + CHCl, « HCl CHClg CgHg-OK, 

and the dichlor-derivative thus formed is hydrolysed by the 
alkali to CH0-G<5H4 0K. Tie formyl-group -CH:© always 
takes up the o- or y-position with respect to the hydroxy- 
group, and, as a nde, the o- and p-compounds are form^ 
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together, and may often be separated by the difference in 
volatility of the two compounds in steam. 

In the Gattermann synthesis (B., 1915, 1112), a phenol is 

Al 

heated with HCN and HCi, reacting as C1*C\ , and sub- 

^NH 

sequent hydrolysis of the compound R*CH:NH. If an alkyl 
cyanide is used, hydroxy-ketones are the final products: 

Celi^ OH + CH3CN OH CeH, C(CH8):NH OH CcH^ CO CH^. 

An analogous synthesis is passing a rapid current of dry HCI 
into an ethereal solution of cyanogen bromide and resorcinol 
or some other polyhydric phenol (Karrer, Helv., 1919, 89). 

V anillin crystallizes in beautiful needles, and is prepared 
on the large scale from coniferin, CieHggOg + 2 H 2 O, a com- 
pound occurring in the sap of the cambium in the Coniferse. 
This is hydrolysed by acids into glucose and coniferyl alcohol^ 
C8H3(OII)(OCH3)(C3H4-()n), and the latter yields vanillin 
when oxidized {Tiemann and Haarmann, 1874). The CTI3 
group is removed by heating with hydrochloric acid at 200°, 
with the formation of protocat^^chuic aldehyde. Vanillin is 
also found in vanilla pod, asparagus, beet-sugar, asafoetida, 
and certain balsams. It is a very valuable flavouring matter. 

Vanillin can also be obtained synthetically from m-chloro- 
/>-nitro-benza]dehyde (from m-chloro-jo-nitro-toluene), but is 
usually manufactured from eugenol (p. 473) which is trans- 
formed into isoeugenol, OH*CgH3{()Me)CH:CH*CH3 by alco- 
holic potash, then acetylated and finally oxidized with chromic 
acid. 

It is also manufactured by the following processes: 

(1) Guaiacol with chloral hydrate and alkali yields guaiacol 
trichloro-methylcarbinol OH'C3H3(OMe)-CII(OH)*CCl3, which 
on hydrolysis and oxidation with a copper salt gives vanillin 
(1923). 

(2) Glyoxylic acid obtained by electrolytic reduction of 
oxalic acid is condensed with guaiacol in dilute alkaline solu- 
tion and the product oxidized (1932): 

OH CeH^ OMe + CHO COjH OH*CeH8(OMe) CH(OH) CO,H 
VaniUin 

The corresponding ethyl ether OH-CeH 3 (OEt)-CIIO called 
ethyl vanillin is prepar^ from safrol (p. 483). 
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E. Quinones 


Quinones are compounds derived from benzene and its 
derivatives by the replacement of two atoms of hydrogen by 
two of oxygen, e.g. C8H4O2. As a group they are characterized 
by (a) their yellow colour, (6) being readily reduced to dihydric 
phenols, and hence often acting as oxidizing agents. They are 
often divided into para-quinones and ortho-quinones. 

7>-Benzoquinone or Quinone, (1838), formed by 

oxidizing quinol with chromic acid, crystallizes in yellow 
needles or prisms with a pungent odour, is sparingly soluble in 
water but readily in alcohol and ether, and can be sublimed; 
m.-pt. 116°. Its hornologues, which are numerous, are yellow 
solids volatile with steam, obtained by oxidizing dihydric 
phenols, or polyhydric phenols, which contain two hydroxyls 
in the para-position. 

Quinone is also formed by the oxidation of many aniline 
and phenol derivatives belonging to the para-series, e.g. 
/?-amino-phenol, sulphanilic acid, and p-phenol-sulphonic acid; 
it is usually prepared by the oxidation of aniline itself by 
means of chromic acid (see B., 1887, 2283), but was first 
obtained by distilling quinic acid with manganese dioxide and 
sulphuric acid. Exposure to light causes it to turn brown, 
and it colours the skin yellow-brown. It is readily reduced 
to quinol by SOg, HI, SnClg and HCl, &c., and can therefore 
act as an oxidizing agent. 

In chloroform solution it takes up two or four atoms of 
bromine to form a di- or tetra-bromide (CflH402 Br4). Under 
other conditions chlorine and bromine act upon it as substi- 
tuents. 

Many 2- or 2 : b-substituted quinols can be obtained by the 
action of HCl, HBr, H OR, R-NHg, R SO^H, &:c., on quinone. 
An additive product, 


0 



0 , 


is first formed which is transformed into 



OH. 
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It yields s})ariiigly soluble, coloured crystalline compounds 
with complex hydrocarbons, phenols, phenolic ethers, and 
amines (Pfeiffer *). With quinol it forms an additive compound 
termed aumhydrone» €^11402 + C6H4(011)3; this crystallizes 
in green prisms with a metallic lustre, and is also formed as an 
intermediate product in the oxidation of quinol or in the 
reduction of quinone. 

It also forms additive compoundvS with conjugated dienes 
(Diels- Alder Condensation, Chap. LI, C 3 ). 

Constitution . — Quinone is derived from benzene by the ex- 
change of two atoms of hydrogen for two of oxygen, which, 
from the close connexion between quinone and quinol, must 
be in the ;?-position. The constitution of quinone may be 
explained either by assuming that these two oxygen atoms 
are linked together, so that the benzene nucleus remains 
unchanged, or that the latter experiences a partial reduction, 
with the formation of a derivative of Cgllg, a “ dikoto -diliydro- 
benzene 


G CO 



According to the first of these two formula?, quinone would 
be a peroxide: according, to the second, a ketone. In favour 
of the latter view (which was brought forward by Fittig, and 
is now almost universally accepted) are ( 1 ) the fact that qui- 

.C(N.OH). 

none yields an oxime, €2^2^ ^2^2 (identical with 

^ CO- / 


nitroso-phenol, Chap. XXIV, Al), and a dioxime, quinone- 
/C(N-OH) 

dioxime, /CjHj (B., 1887 , 613 ), and also 

\C(N*OH)/ 

phenyl-hydrazones ; ( 2 ) its power of forming additive com- 
pounds with bromine ; and ( 3 ) its relations to the analogously 
constituted anthraquinone. 

Tetraliydro-quinone, p-Diketo-hexamethylene (cych-fiemne^ 
1 : i-dione), 



^ Organische molekular Verbindungen, 1922. 
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can be prepared by hydrolysing and eliminating the carboxyl 
groups from succinylo-succinic ester (Chap. XVII, F.). It crys- 
tallizes in colourless prisms, melts at 78°, and, on reduction, 
yields quinitol (Chap. XXIV, B.). 

Chloranil, TetraMoro-qvinone, C^Cl 402 , which crystallizes in 
lustrous yellow plat(3H, is obtained by chlorinating quinone and 
also by oxidizing many organic compounds, e.g. phenol, with 
HCl and KCIO3. A good yield may be obtained by chlorinat- 
ing ^-nitraniline, reducing the 2 : 6-dichloro-4-nitraniline thus 
obtained to 2 : 6-dichloro-p-phenylene-diamine, and then oxi- 
dizing and chlorinating by means of potassium chlorate and 
hydrochloric acid: 

NOa-CcH^ NH, NOj C^HjCIa NH, -v C«H,Cl8(NH,), C.G^O, 


(Witt, Abstr., 1904, 1, 174). When reduced, it yields the 
colourless tetrachloro-quinol ; it also acts as an oxidizing agent, 
converting, e.g., dimethylaniline into methyl-violet. A dilute 
solution of potasfiium hydroxide transforms it into potassium 
chloranilate, CeCl202(0K)2 + H2O (dark-red needles), corre- 
sponding with which there is also an analogous nitro-compound, 
potassium nitranilate» C^(N02)202(0K)2. The latter salt is 
distinguished by its sparing solubility, hence its formation 
may be made use of as a test for potassium compounds. (For 
its constitution see B., 1886, 2398.) 

Chlorine transforms chloranil and chloranilic acid into com- 


plex chloro-products of the hexa- and pentamethylene series, 
and finally into chlorinated fatty compounds. (For a tabular 
summary see Hantzsch, B., 1889, 2841 ; cf. also B., 1892, 827, 
842.) 

Toluauinoue, CeH3(02)(CH3), xyloquinone, CeH2(02)(CH3)2, 
thymoquinone* CeH 2 ( 02 )(CH 3 )(C 3 H 7 ), &c., are known. 


o-Beuzoqumone, 


.CO-CH 

CO<f /CH, isomeric with the 

\CH:CH/ 


j)-compound, has been prepared by Willstdtter and Pfannen- 
stid (B., 1904, 4744) by the oxidation of an ethereal solution 
of catechol (o-dihydroxy-benzene) with silver oxide. It forms 
pale-red transparent plates, is relatively unstable, and begins 
to decompose at 60®~70°. It is readily reduced by sulphur 
dioxide to catechol, and dyes the skin brown. For two isomeric 
forms cf. B., 1908, 2580; 1911, 2632 
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Simple m-quinones are not known, but the bimolecular tri- 
.CBr:CR ^CH:CBr. 

bromoresoquinone, CO<f /CO, has 

^CBr^-CO/ ^CO-CBt/ 

been prepared (B., 1909, 797, 2814). 


F. Ouinone Chlorimldes, Ouinoneanils, and 
Anilino-quinones 

Characteristic N-derivatives of quinones are: 

^NCl ,NC1 

Chluriinides, CflH^C . 

'^NCl 

.NOH 

Oximes, 

"NOH 

,NCeH, yNC.H, 

Anils, C«H/ , (\U/ 

-O 'NCJI, 

The p-quinone chlorimides are obtained by the oxidation of 
the j[)-ainino-phenol8 or TJ-phenylene-diamines with bleaching 
powder, e.g. qainone cUorimide, 0 :CgH 4 :NCl, from p-arnino- 
phenol hydrochloride, and quinone dichlorimide, CbNiC-H^: 
N'Cl, from j?-phenylene-dianiine hydrochloride. The first- 
named crystallizes in golden-yellow crystals, which are volatile 
with steam; when reduced it yields amino-phenol, and when 
boiled with water quinone; the dichlorimide reacts similarly. 

Qninonediimide, NH:C 4 H 4 :NH, forms bright yellow, ex- 
plosive crystals, and on reduction gives p-phenylene-diamine. 

Quinone monoxime, obtained by the action of hydroxyl- 
amine hydrochloride on quinone {H. Goldschmidt, B,, 1884, 
213), is identical with the compound obtained by the action 
of nitrous acid on phenol, or by the hydrolysis of p-nitroso- 
dimethyl-aniline, and previously termed ^nitroso-phenol. It 
would appear to have the oxime constitution 0 :C 4 H 4 :N* 0 H, 
as with hydroxylarnine it yields the dioxime OH-N:C 4 H 4 : 
N'OH, and when alkylated yields ethers of the type 0 :CaR: 
NOR. 

Quinone monanil is obtained by oxidizing j^-hydroxy-di- 
phenylamine, and forms fiery-red crystals 
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melting at 97°; with aniline it yields dianilino-quinone anil, 
0 :C<jH 2 (NHPh) 2 :NPh. The dianil is obtained by oxidizing 
diphenyl “p-phenylene-diarnine, CgH 4 (NHPh) 2 ; it melts at 176°- 
180°, and its dianilide, viz. dianilino-quinone dianil, NPh: 
Cen 2 (NHPh) 2 :NPh, is most readily obtained by heating p- 
nitroso-dirnethyl -aniline with aniline and aniline hydrochloride. 

The dyes known as indophenols and indamines are deriva- 
tives of quinone-anils (see Chap. LIX, G.). 


G . Pseudo -phenols . Methylene -quinones 

Numerous phenolic alcohols react with halogen hydracids 
yielding the corresponding esters of the alcohols, e.g.: 

-V OH CeHaBr CH^Br, 

OH CeBraMc^ CHa^Br; 

but the products thus obtained are insoluble in alkalis, and are 
characterized by the reactivity of the bromine atom in the 
•CHgBr group. The compounds have been termed by Auwers 
pseudo-phenols, and they are usually regarded as o- or p- 
quinone derivatives, e.g.: 

/H /H 

0:C«H3Br< and OICeBr^Me/ 

^ CHaBr CH^Br. 

Such compounds readily react with alkalis, losing hydrogen 
bromide and yielding methylene-qoinones or quinomethanes 
of the type OiCgllgBriClIg; the majority of these are un- 
stiible, and immediately yield condensation products which 
are insoluble in alkalis (cf. Auwers, A., 301, 203; B., 1899, 
2978; 1901, 4256; 1903, 1878; 1906, 435; Zineke, A., 320, 
145; 822, 174 ; 829, 1; 863, 335, 357). 

A series of qainodimethane compounds has been isolated, e.g. 
CPh 2 :CeIJ 4 ;CPh 2 , tetraphenylquinodimethane, yellow crystals, 
m.-pt. 268° {TschitscMbabin, B., 1908, 41, 2770); CioH 7 CPh: 
C<jH 4 :CH 2 , a dark-blue powder {Schlenk and Meyer, B., 1919, 
52, B, 8). 
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XXVI. AROMATIC ACIDS 

The aromatic acids are analogous to the fatty acids. As 
acids they form metallic salts, esters, chlorides, anhydrides, 
amides, &;c.: 

CgHj-COaH (benzoic acid). 

CgHj-COjC.Hj (ethyl benzoate); (CeH^-COlgO (benzoic anhydride); 

CjHs-CO'Cf (benzoyl chloride); C^Hg CO-NHi (benzamide); &c. 

As benzene derivatives they yield chloro*, bromo-, iodo-, hy- 
droxy-, nitro-, amino-, and sulphonic acid derivatives, &c., e.g. : 

CeH^CbCOgH (chloro- benzoic acids); 

NHj CfiH4 C02H (amino- benzoic acids); 

OH'S02 C«H4*C02H (sulpho-benzoic acids); 

0H*C4H4-C02H (hydroxy-benzoic acids); 

C4ll6‘OH(OH)'COgH (mandelic acid); &c. 

Constitution . — Corresponding with the aromatic acids there 
are nitriles, e.g. with benzoic acid, benzo-nitrile, C^H^-CiN, 
which may also be regarded as cyanogen derivatives of the 
hydrocarbons (in the above case, cyano-benzene), and which, 
on hydrolysis, yield the acids. From this, and from their 
general properties, it follows that their constitution must 
correspond exactly with that of the fatty acids; like the 
latter they are characterized by the presence of carboxyl, 
CO*OH, in the molecule. There are monobasic, di-, tri-, and 
up to hexabasic aromatic acids, according to the number of 
hydrogen atoms in the molecule which are readily replaceable 
by metallic radicals, i.e. according to the number of carboxyl 
groups. 

Numerous unsaturated aromatic acids are known. As un- 
saturated compounds, they readily form additive compounds 
with hydrogen, chlorine, hj^drogen iodide, and are thereby 
converted into saturated acids or their substitution products. 
In most of these additions the benzene nucleus remains un- 
altered. Their constitution is therefore entirely analogous Ito 
that of the acids of the acrylic or propiolic series; they contain 
a side chain with a double or triple carbon bond: 

: CHCOjH i ccOjH. 

CixuiAmic acid Phenyl- prop^lic acid 
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In addition to the aromatic acids proper, other acids are 
known, which are derivatives either of a completely redtwed or 
a partially reduced benzene molecule. The acids of the former 
series, e.g. the hexa^hydro-benzoic acids, have properties very 
similar to those of the saturated fatty acids; while those of 
the latter, e.g. the di- and tetrahydro-benzoic acids, resemble 
the unsaturated fatty acids (cf. p. 4:09). 

The aromatic hydroxy-acids, e.g. the hydroxy-benzoic acids, 
which are both phenols and acids, manifestly contain phenolic 
hydroxyl (i.e. hydroxyl which is linked directly to the ben- 
zene nucleus) in addition to the carboxyl group or groups; 
they are capable of yielding salts either as acids or as phenols, 
but otherwise they correspond in many points with the ali- 
phatic hydroxy-acids. 

The true aromatic hydroxy-acids, such as mandelic acid 
(phenyl-glycollic acid), which correspond completely with the 
aliphatic hydroxy-acids, contain their alcoholic hydroxyl not 
in the benzene nucleus, but in the side chain, as is also the 
case with the aromatic alcohols. 

Nomenclature. — One of the simplest systems of nomenclature 
is the designation of the aromatic acids as carboxylic acids 
of the original hydrocarbons in question, e.g. phthalic acid is 
benzene-1 : 2-dicarboxylic acid. Many names, such as xylic 
acid, are taken from those of the hydrocarbons into which 
the carboxyl has entered, while others, such as mesitylenic 
acid, indicate the hydrocarbons from which the acids are 
obtained by oxidation. An important principle as regards 
nomenclature depends upon the fact that aromatic acids can 
be derived from almost every fatty acid of any consequence 
by the exchange of H for C^Hg, e.g. : 

CHg COtH (acetic acid) CgHj CHj COjH (phenyl-acetic acid). 

Similarly, phenylated glycollic, succinic, malic, and tartaric 
series are known. Thus atropic acid, CeH 5 C(C02H) :CH 2 , is 
a-phenyl-acrylic acid, and cinnamic acid, CeH^ CHrCH COgH, 
jS-phenyl-acrylic acid. 

Properties. — Most of the aromatic acids are solid crystalline 
substances, generally only sparingly soluble in water, and 
therefore precipitated by aci^ from solutions of their salts, 
but often readily soluble in alcohol and ether. The simpler 
among them can be distilled or sublimed without decom- 
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position, while the more complicated, especially phenolic and 
polycarboxylic acids, evolve carbon dioxide when heated; 
e.g. salicylic acid, 0 H-CgH 4 -C 02 H, breaks up into phenol and 
COg. The elimination of carbonic anhydride from those acids 
which volatilize without decomposition may be effected by 
heating with soda-lime; in polybasic acids the carboxyls may 
be successively decomposed: 

CeH4(C02ll)a ”> Cell^CO.If 4 CO* C^He f 2COg. 

Occurrence , — A large number of the aromatic acids are found 
in nature, e.g. in many resins and balsams, and also in the 
animal organism in the form of nitrogenous derivatives such 
as hippuric acid (benzoyl-glycocoll), Cellg-CO'NH'CIIg’COglT. 

Modes of Formation. — A. Of the saturated acids: 

1. By the oxidation of the corresponding primary alcohols 
or aldehydes, e.g. benzoic acid from benzyl alcohol, or from 
benzaldchyde. Benzaldehyde can be oxidized by atmospheric 
oxygen, but the primary product appears to be a per-acidy 
Ph‘C0*0*0H, which then reacts with a second moL of alde- 
hyde forming 2 mols. of benzoic acid. By oxidizing in presence 
of AcgO it is possible to isolate a compound Ph'CO O OAc 
(B., 1900, 1581). 

2. One of the commonest methods of obtaining aromatic 

acids is by the oxidation of benzene homologues. Each alkyl 
group present in the nucleus of the hydrocarbon can be oxi- 
dized to a carboxylic group, whether it be long or short, e.g. 
both and CeHs CHg CHg-CHa ^eld CeH^-COgH. 

All substituted benzene homologues which contain the sub- 
stituent in the side chain are similarly oxidized to non-substi- 
tuted aromatic acids, e.g. CgHg-CHgCl, CeHg’CHa’NHg, and 
CeH 5 -CH:CH'C 02 H yield 

A substituted benzene homologue which contains halogen, 
nitro-, Bulpho-, amino-, hydroxy-, &c., substituents attached to 
the benzene nucleus, yields a similarly substituted aromatic 
acid, e.g.: 

COJl; 

(OHlAHa-CHa (Ofria-CJIa CO.H; 

NO, CeH4'CH, CH, N0, C4H4 C0,H. 


Should there be several side chains in the molecule, they 
are usually all converted directly into carboxyl by chromic 
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acid; whereas by using dilute nitric acid, this transformation 
can be effected step by step, e.g. : 

CeH,(CH,), yield first CeH4(CH8)(CO,H) and then CeH4(C02H). 

The xylenes Toluic acids Phthalic acids 

Nevertheless, the three classes of isomeric benzene deriva- 
tives with two side chains comport themselves differently. 
The para-compounds are the most readily oxidized to acids by 
chromic acid mixture, and then the meta-; whereas the ortho- 
compounds are either completely destroyed by it (p. 409), or 
not attacked at all. The last-named may, however, be oxi- 
dized in the normal manner by nitric acid or potassic perman- 
ganate. The entrance of a negative group or of hydroxyl into 
the o-position with respect to the alkyl radical renders the oxi- 
dation more difficult. 

3. By the hydrolysis of the corresponding nitriles: 

CJI. CN 4 2HaO - f NH^. 

These nitriles, which can be prepared from the ammonium 
salts of the acids by the elimination of water, ( 2 H 2 O) by the 
action of (1) PCI3 or POCI3 in the presence of pyridine; 
(2) p-Toluene-sulphonyl chloride; (3) CuH 5 'CCl 3 , e.g.: 

CflHj CCla 4 - Ii CO,NH4 RCN *f GeH^ COaH -f 3HCi. 

Nitriles are also obtained by the following syntheses: 

(a) By distilling the potassium salts of the sulphonic acids 
with potassium cyanide or ferrocyanide (Merz)^ just as the 
nitriles of the fatty acids are formed from the potassium 
alkyl-sulphates (p. 108): 

C4H4 SO3K 4- KCN « C4H4 CN + SO3K,. 

Formation of nitriles is not effected by boiling the aryl halide 
with KCN solutions, but occurs at 200° (B., 19i9, 1749) and is 
favoured by certain catalysts, e.g. bromides of Cu, Ni and Co. 
The halogen is more readily replaced by cyanogen if sulphonic 
acid or nitro-groups are also present: 

CeH4Br NO, 4 - KCN - CN C.B^ NO* 4 KBr. 

Benzyl chloride, CeHj^CHjjCl, and all hydrocarbons halo- 
genated in the side chm, on the other hand, react with potas- 
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sium cyanide in the manner characteristic of the alphyl halides : 

-I KCN - KOI f i ON. 

IJcnzy! cvaniclc 

(b) Unsaturated nitriles are formed by the coudensation of 
aryl aldehydes with cyanoacetic acid: 

R CH:0 + CN CHg COaH-yR CHiCH CN 4 Co^ -I 11,0, 

or by condensing the aldehyde with an alkyl cyanide and 
NaOEt : 

CeH^ CHIO -f R CH, CN -> C^Hs'CH : CR CN f H,0. 

(c) By diazotizing the primary amines and replacing the 
diazo-groiip by cyanogen, according to Sandrneyers reaction 
(Chap. XXII, A.). In some cases improved yields are obtained 
by using alkali cupridi ammonium cyanide or potassium cyanide 
and nickel chloride. This reaction is frequently made use of in 
the preparation of substituted benzo-nitriles, e.g, 2:4-dibromo- 
benzo*nitrile, CgHgErgCN, and the isomeric 2 : 6-compound, 
also of tolunitriles, CHa-C^H^’CN. 

(d) By heating the mustard oils (phenyl-iso-thiocyanates, 
Chap, XII, D.) with copper or zinc dust {Weith): 

CeHjNrcrS 4^ 2Cu - CeHjCJN 4 CugS. 

(e) By the molecular transformation of the isomeric iso- 
nitriles at a somewhat high temperature: 

(/) By the action of cyanogen or cyanogen chloride on 
organo-magnesium halides : 

CgHjMgBr 4- CNCl -► CgHj CN + MgBrCL 

( 5 lf) By eliminating the elements of water from the oximes of 
the aldehydes by means of acetyl chloride (Chap. L, Cl): 

Benzaldoxime, CgHg CHIN OH » CeH^ CN 4- H,0. 

(A) Nitriles of the type CgHg-CHg-CN contain a reactive 
methylene group and give rise to sodium derivatives, e.g, 
CA-CHNa-CN or CeH6-CH:C:NNa, which can be alkylated, 
e.g. CeHg-CHEt-CN, and ultimately CA-CEt^-CN. 
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The sodium compound when heated out of contact with air 
gives stilbene: 

20JI,CH:c:NNa->CeH5‘CH:CHCeH5 + 2NaCN 
[Ruing, J. A. C. S., 1928, 1699; 1929, 262). 

4. By the reduction of unsaturated acids, thus hydrocinna- 
mic by the reduction of cinnamic acid with sodium amalgam 
and water, or with hydrogen and finely divided palladium: 

CeH^ CHICH CO.H + 2H - CeH, CH, CH, CO,H. 

The acids obtained by this method always contain the CO 2 H 
group attached to a side chain. Similar acids can also be ob- 
tained by the reduction of hydroxy-, bromo-, or keto-acids, 
where the OH, Br, CO, and COgH are all in side chains, e.g.: 

OeH, CH(OH)-CO,H CgHj CH. COjH. 

5. A number of methods of introducing COgH into the ben- 
zene nucleus can be effected by means of carbonic acid deri- 
vatives. In many cases the yields are only small, and the re- 
actions are mainly of theoretical interest. 

(a) Benzoic acid and its homologues are produced by the 
action of carbon dioxide upon bromo- benzenes, &c,, in presence 
of sodium (Kekule): 

C,H,Br + CO, -f 2Na - CgB^ CO^Na + NaBr. 

(b) By the action of AICI 3 with (a) carbonyl chloride or 
(fc) urea chloride on an aromatic hydrocarbon: 

(а) Cell, COCl, CeHe'COCl + HCl. 

(б) 0,11, -f NH. CO Cl-^CeHe CO NH, + HCl. 

Acid chlorides or amides are first formed, but can be readily 
decomposed by alkali. By the further action of the chlorides 
upon benzene in presence of AICI 3 , ketones are formed (See 
Benzo-phenone). Carbonyl chloride reacts most readily with 
tertiary amines: 

0,H, N(CH,), + COCl, - (CH3),N C,H4 C0C1 -I- HCl. 

(c) By the action of sodium upon a mixture of a brominated 
benzene and ethyl chloro-formate (Wurtz); in this case the 
esters are first formed, but these are readily hydrolysed: 

C,H,Br 4 C1C0,C,H, + 2Na - C*H, CO.C.H, 4 NaBr 4 NaCl. 
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(d) By heating the snlphonates with sodium formate (F. 
Meyer ) : 

CeH^-SOgNa + HCOsNa - Cfill^ CO^Na -f HSOaNa. 

Phenolio Acids: The presence of OH groups renders the 
nucleus more reactive so that hydroxy acids (usually far a) 
can be formed by a variety of methods. 

(e) By the action of carbon dioxide on ethereal solutions of 
organo-magnesium compounds {Grignard's reagents), and sub- 
sequent treatment with acids: 

CeH^Mg-Br I CO, OeHs COj-MgBr -> CeH. CO^H. 

(/) By passing carbon dioxide over heated sodium phenates 
(Kolhe] see Salicylic Acid, this Chap., A3)r 

CeHg ONa + CO, - OH CgH. COaNa. 

In the case of the polyhydroxy-phenols, e.g. resorcinol, an 
acid is often formed by merely heating the phenol with a solu- 
tion of ammonium carbonate or potassium bicarbonate. 

(y) By the action of carbon tetrachloride upon phenols in 
alkaline solution (Ttemann-JSetmer reaction, Chap. XXV, D.): 

C,H 5 0Na -f Ca 4 - C«H 4 (OH) CCl8 + NaCl. 

C4H4(0H).CC1, + 4NaOH - C 4 H 4 (OH) CO,Na + 3NaCl + 2H,0. 

6. Syntheses by the aid of ethyl aceto-acetate and ethyl 
malonate. 

Ethyl aceto-acetate reacts with the halide derivatives which 
are substituted in the side chain, e.g. benzyl chloride, exactly 
as in the fatty series, with the formation of the more com- 
plicated ketonic acids, which again are capable of undergoing 
either the “ acid hydrolysis ’’ or the “ ketonic hydrolysis 
(p. 259), e.g.: 

Cell,‘CB,Cl + CHs-CO*CHNaCO,Et 

- CH8-CO*CH(CH,CeH8) CO,Et -f NaCl. 

Benzyl-aceto-acetic ester 

CHa-CO CHCCHj C.Hj CO.Et + 2H,0 

- C,Hj CH, CH, CO,H + CH, CO,H + EtOH. 

^-Pheny^-propionic acid 

Ethyl phloroglucinol-dicarboxylate, (0H)3*CftH(C02Et)j, may 
be synthesized by heating ethyl sodio-malonate with ethyl 
malonate at 146® (Moore, J. C. 8., 1904, 166). 

7. Hydroxy acids, with OH in the side chain, and keto- 
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acids are formed by exactly the same methods as in the fatty 
series (Chap. IX, A.); e.g. mandelic acid by the combination 
of hydrogen cyanide with benzaldehyde, and hydrolysis of 
the nitrile thus formed: 

CgHj-CHO + HON - C.H5*CH(0H) CN; 

or from phenyl-chloro-acetic acid: 

CeH. CHCl CO,H + KOH - C.H5 CH(OH) COaH + KCl. 

B. The following are some of the commoner methods em- 
ployed for the preparation of onsaturated acids: 

1. From the mono-haloid substitution products of the satu- 
rated acids by the elimination of halogen hydracid, (cf. p. 188); 
also from the corresponding nitriles, primary alcohols, Ac., as 
in the case of the saturated compounds. 

2. According to the Perkin synthesis (1877), by the action 
of aromatic aldehydes upon the sodium salts of fatty acids in 
the presence of a condensing agent, usually acetic anhydride. 
Thus, when benzaldehyde is heated with acetic anhydride and 
sodium acetate, cinnamic acid is formed: 

C,H* CHO + CH, CO,Na - CeH^ CH : CH CO,Na + H,0. 

The acetic anhydride probably acts as a dehydrating agent 
in this instance, the reaction taking place between the sodium 
acetate and the aldehyde (cf. A., 216, 101). Hydroxy acids are 
formed as intermediate products by a reaction similar to the 

aldol condensation ’’ (p. 154) ; in the above case, for instance, 
jS-phenyl-hydracrylic acid, CeH 5 -CH( 0 H)*CH 2 'C 02 H. 

When the sodium salt and the anhydride of two different 
acids, e.g. sodium propionate and acetic anhydride, are used, 
the product varies with the conditions (B., 1901, 918), but 
usually consists of a mixture of two unsaturated acids. 

This reaction also takes place with the halogenated and 
nitrobenzaldehydes, with the homologues of acetic acid, and 
also with dibasic acids, e.g. malonic; but all acids employed 
must contain a CH 2 group in the a-position with respect to 
the COjH, as jS or y CHj groups do not react: 

C, H,*OH:0 + CHa CH, CO;Na - H,0 -h CeH^ CH : C(CH,) CO,H. 

a -Methyl-cinnamic add 

With o-hydroxy aldehydes ring formation occurs ; cf. Coiunarin. 

It is a very general method used for the preparation of 
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a : jS-unsaturated acids; iu certain cases, e.g. a-phenyl-cin* 
namic acid, CgH 5 ‘CH:C(CgH 5 )*C 02 H, and its nitro-derivatives, 
two stereo-isomerides are produced corresponding with the 
two cro tonic acids or with fumaric and maleic acid. 

When sodium succinate is used in place of sodium acetate 
the product is a mixture of phenylisocrotonic acid 1 and 
phenylparaconic acid II : 

L PhCHrCH CHa CO^H, 11. PhCH — CH CO.H. 

OCO • CHa 

Unsaturated mono- and dibasic acids are also formed when 
aromatic aldehydes are heated with malonic acid in presence 
of ammonia, aniline, or other amines (Kfwevena^el): 

CeHj CH : iO T'H"C(C0,H), -> C.Hj CH : C(CO,H), 

X c;H"-CH:CH COgH CO,. 

The esters of these acids are formed when aromatic aldehydes 
are condensed with the esters of fatty acids in the presence of 
sodium ethoxide {Claiseny B., 1890, 976; cf. Cl^iseny con- 
densation, p. 257). 

Aldehydes react very readily with ethyl malonate or ethyl 
cyanoacetate in presence of a few drops of a secondary base, 
e.g. piperidine or dimethylamine, the products being esters of 
unsaturated acids (Knoevenagel). 

3. Cinnamic acid is also formed by the action of benzal 
chloride upon sodium acetate (Caro): 

CeHg CHCl, + CHj COjH - CeH^ CH .* CH CO,H -h 2UCi. 


4. Ethyl acetoacetate and phenols react in the presence of 
concentrated H 2 SO 4 , yielding unsaturated phenolic acids or 
their anhydrides, e.g.: 


OHCMelCH 


XMe:CH 


C,H50H + I - C,H,< 

HOCO CO 

(Pseudo-form) Methyl-cumarin 


+ 2H,0. 


A. Monobasic Aromatic Acids 

Constitution and Isome/rs , — The cases of isomerism in the 
aromatic acids are easy to tabulate. An isomer of bemsoic 
acid is neither theoretically possible nor actually known. 
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Carboxylic acids of the formula may, however, be 

derived from toluene by the entrance of carboxyl either into 
the benzene nucleus or into the side chain: 

CHs-C.H^COaH CeH,CH,CO*H. 

o-m-p~To\uic acids Phenyl-acetic acid 

The nature of their oxidation products yields proof of their 
constitution, the former yielding the phthalic acids and the 
latter benzoic. 

A large number of isomeric acids, are known, 

llydrocinnamic acid and hydratropic acid are phenyl-pro- 
pionic acids, the former and the latter a-, corresponding 
with the lactic acids. The tolyl acetic acids, CHg-CgH^-CHg* 
COgH, and the ethyl-benzoic acids, C2H5'CgH4*C02H, peld 
phthalic acids when oxidized. Lastly, mesitylenic acid and its 
isomers arc dimethyl-l>enzoic acids, and are oxidizable to 
benzene-tricarboxylic acids. 

The unsaturated acids, cinnamic and atropic acids, are 
structurally isomeric and correspond with j3- and a-chloracrylic 
acids (p. 193), whereas cinnamic and allo-cinnamic acids are 
stereo-isomeric. 

The hydroxy-toluic acids, CeH3(CH3)(0H)(C02H), are iso- 
meric with mandelic acid, CgH 5 ‘CH( 0 H)*C 02 H, the former 
being oxidized to hydroxy-phthalic acids, C<jH 3 ( 0 H)(C 02 H) 2 , 
and the latter to benzoic acid; the hydrocoumaric acids, 
C^H^QOg, are isomeric with tropic acid. The first-named yield 
hydroxy-benzoic acids on oxidation, and the last benzoic. 

1. MONOBASIC SATURATED ACIDS 

Benzoic add, C^Hg-COgH, was discovered in gum benzoin 
in 1608, and prepared from urine by ScJutele in 1785. Its 
composition was established by Liebig and Wohler's classical 
researches in 1832. It occurs in nature in gum benzoin, from 
which it may be obtained by sublimation (“ acidum benzoi- 
cum ex resina *') ; also in dragon’s-blood (a resin), in Peru 
and Tolu balsams, in castoreum, and in cranberries. It is 
present in the urine of horses in combination with glycocoll 
as hippuric acid, from which it may be obtained by hydrolysis 
with hydrochloric acid (“ acidum benzoicum ex urina ”). It 
is obtained on the large scale (“ ac. benz. ex toluole ”) as a 
by-product in the manufacture of oil of bitter almonds from 
( 1 480 ) 18 
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benzyl chloride or benzal chloride. The acid may also be 
formed by heating benzo-trichloride with water to a some- 
what high temperature: 


CeH. CCla CeHa C(OH), C«Ha CO OH. 


Benzoic acid is also present in coal-tar. It crystallizes in 
colourless glistening plates or flat needles, sublimes readily, 
and is volatile with steam ; its vapour has a peculiar irritating 
odour, and gives rise to coughing. It melts at 121°, boils at 250°, 
and is readily soluble in hot water, but only sparingly in cold. 
When heated with lime, it is decomposed into benzene and car- 
bon dioxide. It is used in medicine and in the manufacture of 
aniline blue. Some of its salts crystallize beautifully, e.g. cal- 
cium benzoate, (CgH5-C02)2Ca + SHgO, in glistening prisms. 

From the partially or wholly reduced benzene molecule 
there are derived (a) the dihydro-benzoic acids, CgH7-C02H, 
of which five are theoretically possible, according to the 
position of the double linkings, viz. A-1 : 3-, A-1 : 4-, A-1 : 5-, 
A-2 : 4-, and A-2 : 5-dihydro-benzoic acids, but only two known 
(B., 1891, 2623, and 1893, 454); (6) the tetrahydro-benzoic 
adds, CflH9’C02H, all three of which are actually known, viz. 
A-1-, A-2-, and A-3-tetrahydro-benzoic acids (A., 271 , 231); 
and a hexahydro-benzoic add, CeHn-COgH (cyclo-hexane- 
carboxylic acid), which is found in the petroleum from Baku, 
and which can also be prepared from benzoic acid. 

The Esters, e.g, metl^l benzoate, CeH^ COaCHj, b.-pt. 199®, 
and ethyl benzoate, C^Hg-COgCgHg, b.-pt. 213°, are always 
prepared by the catalytic method of esterification (Chap. VII, 

A. ), namely, by boiling the acid for three to four hours with a 
3 per cent solution of dry hydrogen chloride or of concentrated 
sulphuric acid in the requisite alcohol (JE, Fischer and Speier, 

B. , 1895, 3252). They may also be obtained by the other 
general methods for the preparation of esters: (a) by the 
action of an acid chloride on the alcohol alone, or in presence 
of alkali (SchoUen, Baumann) or of pyridine (Einhorn and 
Hollandf); (b) by the action of an al%l iodide on the silver 
salt of the acid; and (c) by the action of alkyl sulphates, 
more especially methyl s^phate, on aqueous solutions of the 
alkali salts of the acids (Tfemer and Seybold, B., 1904, 3658). 
These esters are liquids of pleasant aromatic odour, used in 
perfumery, boil for the most part without decomposition, and 
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frequently serve for the recognition and estimation of alcohols. 
They may be hydrolysed in much the same manner as the 
aliphatic esters, although as a rule not so readily. 

Benzyl benzoate, CeHfi-COg^CHa-CflHg, is present in the 
balsams of Peru and Tolu. 

Benzoyl chloride, CgHg-CO-Cl (Liebig and Wohler), ob- 
tained by the action of phosphorus pentachloride on the acid, 
is the complete analogue of acetyl chloride, but more stable 
than the latter, since it is only slowly hydrolysed by cold 
water, although quickly by hot. It is a colourless liquid boil- 
ing at 198°, and has a most characteristic pungent odour. 
It is prepared technically by chlorinating benzaldehyde. 

Benzoic anhydride, (CeH^-COlgO (Gerhardt), analogous to 
acetic anhydride, is prepared from benzoic acid and acetic 
anhydride (Org. Synth., 1923, 21). It crystallizes in prisms 
insoluble in water, boils without decomposition, and becomes 
hydrated on boiling with water. M.-pt. 39°. 

In addition to the ordinary anhydrides or oxides, peroxides 
of the type benzoyl peroxide or benzo-peroxide, CgHg-CO O- 
0*C0*CgH5, are known. They may be obtained by the action 
of the acid chloride on a cooled solution of sodium peroxide 
(B., 1900, 1575, and C. C., 1899, 2, 396). Benzo-peroxide 
crystallizes from alcohol in prisms, melts at 106°~108°, is 
relatively stable, and is insoluble in water. When its ethereal 
solution is mixed with sodium ethoxide, the products formed 
are ethyl benzoate, and the sodium salt of perbenzoic acid, 
CgHg-CO-O-OH, a hygroscopic acid melting at 41°~43°. It 
has a strong odour resembling hypochlorous acid, is readily 
volatile, but decomposes violently when heated, and is a 
strong oxidizing agent; for example, for converting ethylene 
compoimds into ethylene oxides (p. 221). Many aliphatic and 
aromatic acids yield similar derivatives. 

Benzamide, CeH5*CO*NH2, is prepared from benzoyl chloride 
and ammonia or ammonium carbonate. It forms lustrous, 
nacreous plates, melting at 130°, boils without decomposition, 
and is readily soluble in hot water. 

The amido-hydrogen of benzamide may be substituted by 
alkyl radicals such as phenyl, &c., with the formation, e.g., of 
beamnilide, OeH5*CO*NHC|)H5, the anilide of benzoic acid, 
a compound which can be rea^y prepared from aniline and 
benzoic acid, or aniline and benzoyl chloride. It crystallizes 
in colourless plates, melts at 158°, distils unchanged, and is 
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the ajoalogue of acetanilide, but is more difficult to hydrolyse, 
fusion with potash being one of the best methods. 

Thio-benzamide, C^H 5 *CS*NH 2 , is obtained by the union 
of benzo-nitrile with hydrogen sulphide, or by heating benzyl- 
amine with sulphur. 

Benzoyl-hydrazine, Benzhydrazide, CeHs-CO NH NHg, ob- 
tained from ethyl benzoate and hydrazine hydrate, melts at 
112®, and with nitrous acid yields benzoyl-aziznide, benzazidcy 


hydrolysis (CurtiuSy 1895). 

Metallic derivatives of benzamide are also known, e.g. ben- 
zamide silver (Titherleyy J. C. S., 1897, 468; 1901, 407) which 
exists in two forms : a white stable compound, C 6 ll 5 *C(OAg) : NH, 
and an unstable orange compound, CgH^ CO-NHAg. 

Hipporic acid, Benzammo-acetic acidy C^Hg-CO NH-GHj* 
COgH, is an amino-derivative of benzoic acid, being derived 
from the latter and glycocoll (amino-acetic acid); it may be 
prepared by heating benzoic anhydride with glycocoll, and is 
present in the urine of horses and of other herbivora. When 
benzoic acid or toluene is taken internally, it is eliminated 
from the system in the form of hippuric acid. It crystallizes 
in rhombic prisms, sparingly soluble in cold water but readily 
in hot, decomposes when heated, and forms salhs, esters, nitro- 
derivatives, <fec. When hydrolysed with concentrated hydro- 
chloric acid it yields glycocoll hydrochloride and benzoic acid. 

Benzo-nitrile, CgHgCN (cf. p. 507), is an oil which smells 
like oil of bitter almonds, and boils at 191®. It possesses all the 
properties of a nitrile, combining slowly with nascent hydrogen 
to benzylamine, readily with halogen hydride to an imino- 
chloride, with amines to amidines, with hydroxylamine to 
amidoximes (cf. Chap, VII, H.). With hydrogen peroxide 
it yields benzamide. 

Substituted Benzoic Acids.— The hydrogen atoms of ben- 
zoic acid are replaceable by halogen with the formation, e.g., 
of ehloro-benzoic add, CgH4Cl-C02H. In such formation of 
mono-substitution products the halogen takes up the meta- 
position with respect to the carboxyl. Nitric acid (especially 
a mixture of nitric and sulphuric acids) nitrates it readily, 
m-uitro-beuzoio add being the chief product, together with a 
smaller quantity of the or3io- and a very little of the para-acid. 


hydrazoic acids on 


CgH 5 -CO-N<' , which yields benzoic and 
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The o- and ^p-halogen and nitro-compounds are usually pre- 
pared by indirect methods, e.g.: 

o.CHa G«H4 NOa -> CO2II C4H4 NO* 
or 2 : 4-CeH3Br, NHj C.HaBrjj CN -v C 4 B 3 Br 3 CO,H. 


Substituted Benzoic 

Acids 



Acid 


M.-pt. 

a:x io» 

Methyl cater 
M.-pt. B.-pt. 

Benzoic . . — 

— 

121® 

6-27 

— 

199° 

o-Methyl-benzoic — 

— 

105 

120 

— 

213 

OT-MethyJ -benzoic — 

— 

110 

6-36 

— 

216 

jp-Methyl-benzoic — 

— 

177 

4-24 

33° 

— 

o-Bromo-benzoic — 

— 

160 

146 

— 

247 

m-Bromo- benzoic — 

— 

156 

16*4 

31 

— 

^-Bromo-benzoic — 

— 

261 

10-7 

31 

— 

o-Nitro-bcnzoic — 

— 

148 

— 

30 

— 

m-Nitro-bcnzoic — 

— 

141 

321 

— 

— 

/>-Nitro-benzoic — 

— 

240 

37-6 

70 

— 

o-Amino-bcnzoic — 

— 

144 

1-0 

96 

— 

m- Ami no-benzoic — 

— 

174 

30 

. — 

— 

p-Amino-benzoic — 

— 

186 

10 

— - 

— 


The numbers for K given in the table indicate that the 


introduction of acylous radicals, e.g. NOg, Br, &c., more 
especially into the ortho-position, markedly increases the 
strength of the acid, whereas the introduction of basylous 
radicals, e.g. the amino-, more especially into ortho-positions, 
tends to weaken the acid (Chap. VI, D.). 

The amino-benssoic adds, NH2*C^6H4*C02H, which are ob- 
tained by the reduction of the nitro-acids with tin and hydro- 
chloric acid, &c., are interesting, as they are both bases and 
acids, i.e. amphoteric, and therefore similar to glycocoll in 
chemical character; they combine with hydrochloric acid, 
chloro-platinic acid, &c., as well as reacting with mineral 
bases to yield metallic salts. With regard to their consti- 
tution, cf. Glycocoll, p. 243. With nitrous acid they yield 

/N:N. 

diazo-benzoio adds, C2H4<r which correspond with 

^ COg ^ 


the diazo-benzene-sulphonic acids (Chap. XXIII). 

The salts derived from some amino- and hydroxy-benzoic 
acids are frequently represented by formulae with a co-ordinate 
link between the metal of the COgM group and the N or 0 
atom, e.g.: 
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Such a formula accounts to a certain extent for the fact that 
silver salicylate and tetra-acetobromoglucose (p. 341) yield 
both 0H-CeH4*C00X and OX-CgH^-COOH, where X - the 
tetra-acetylglucose residue 

(CHCHOAcCHOAcCHOAcCHCHjOAc). 


o-Amino-benzoic acid is usually prepared from phthalimide, 
/NH, by the Hofmann reaction (cf. Amides, be- 


haviour of, par. 5), and is termed anthranilic acid; it forms 
(in contradistinction to the m- and p-acids) an intramolecular 


anhydride, anthranil, 



and is an important 


intermediate product in the synthesis of indigo. The methyl 
ester is an important constituent of the essential oil of orange- 
blossom. 


The sulpho-benzoic acids, 0H-S02*CeH4-C0 0H, are di- 
basic acids. An inner imide of o-sulpho-benzoic acid is the 


sweet substance ‘‘ saccharine 


ySOgv 

C0H4<y ^NH, i.e. o-sulpho- 


benzimide, or o-benzoyl-sulphone-imide, an imide comparable 
with sucdnimide. It is a white crystalline powder, almost three 
hundred times as sweet as cane-sugar, and is used to some 
extent in place of the latter, especially with diabetic patients. 

Acids, CgHgOg.— 1. The three tolnic adds, CH5*C4H4 C02H, 
can be prepared from the three xylenes. p-Tolnic acid is ob- 
tained from p-toluidine, by transforming it — according to the 
Sandmeyer reaction — into p-cyano-toluene and hydrolysing the 
latter. Isomeric with them is: 


2. Phenyl-acetic add, a-ToUiio acid, CgHg CHg-CO^H 
(Cannizaro, 1855). — This acid differs characteristically from its 
isomers by its behaviour upon oxidation (see p. 513). It may 
be obtained synthetically from benzyl chloride and potassium 
cyanide, beiWl cyanide, CeHg*CH2-CN (b.-pt. 232°), being 
formed as intermediate product; it crystallizes in lustrous 
plates, melts at 76°, and boils at 262°. 

It is capable of undergoing substitution either in the ben- 
zene nucleus or in the side chain. 
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Phenyl-chloracetic acid, C^H^'CHCl COgH, and phenyl- 
amino-acetic acid, CgH 5 -CH(NH 2 )‘C 02 H, correspond with 
mono-chloracetic and amino-acetic acids. Isomeric with 
phenyl-amino-acetic acid are the three amino-phenyl-acetic 
acids, NH 2 *CgH 4 *CH 2 *C 02 H, of which the o-acid is interesting 
on account of its close relation to the indigo-group. It does 
not exist in the free state, but forms an intramolecular an- 
hydride, oxindole (Chap. XLI, C.): 

/NH, /NH. 

C,H,< - CJT/ ).CO 4 H 3 O. 

^CHj-CO^H m/ 


The formation of intramolecular anhydrides differentiates 
ortho-amino-compounds from their m- and p-isomerides 
(see Indole). Theoretically, it may take place in the above 
instance in two different ways, viz. either by the elimination 
of a hydrogen atom of the amino-group together with OH of 
the carboxyl, or of both of the amino-hydrogen atoms with 
the oxygen atom from the carbonyl-group. These two cases 
are distinguished by Baeyer as “ lactam formation ” and 
Lactim formation Oxindole is the lactam of o-amino- 

/NIT. 


phenylacetic acid, isatin, 05114 ^ 


CO 


:CO (Chap. XLI, B.), the 


lactam of o-amino-phenylglyoxylic acid, NH 2 *C(jH 4 -C()'CO-OH, 

.N C‘OH 

and carbostyril (Chap. XLIV, A 2 ), I > 

^CHrCH 


lactim of o-amino-cinnamic acid. 

Both lactams and lactims contain hydrogen which is readily 
replaceable; in the former case it is present in the amino- 
group, and in the latter in the hydroxyl. 

If the compounds which result from the replacement of 
hydrogen by alkyl are very stable, the alkyl in them is linked 
to the nitrogen, and they are derivatives of the lactams; 
if, on the contrary, they are easily hydrolysed by acids, the 
alkyl is linked to oxygen, and they are ethers of the lactims. 
Many lactams and lactims are tautomeric substances (cf. 
Chap. LIII). 

Adds, G 0 H 4 OO 2 . — 1. Dimethyl-benzoic adds, Xylene-car- 
boxylic adds, C 4 H 2 Me 2 *C 02 H. Of these six are possible, and four 
are known. Hedtylemc add, (C 02 H:CH 3 :CH 3 1 : 3 : 5), is 
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prepared by the oxidation of mesitylene. Isomeric with them 
are — 2. The Phenyl-propionic acids. 

)S-Phenyl-propionic acid or hydrocinnamic acid, 

CHg-COgH, is prepared by reducing cinnamic acid with sodium 
amalgam, or with hydrogen in presence of colloidal palladium, 
and is also formed during the decay of albuminous matter. It 
crystallizes in slender needles; m.-pt. 48°, b.-pt. 280°. 

Many substitution products of this acid are known, among 
which may be mentioned o-nitro-cinnamic acid dibromide, 
N02*CgH4*CHBr*CHBr-C02H, a compound nearly related 
to indigo (Chap. XLI, C.); also, j8-phenyl-a-amino-propionic 
acid (phenyl-alanine), CgIl5*CH2*CH(NH2)*C02H, and ^-phenyl- 
)9-amino-propionic acid, CgH5 CH(NH2)*CH2*C02H, both of 
which can be prepared synthetically; the former is also pro- 
duced by the degradation of proteins and during the ger- 
mination of Lupinus luteus. 

o-Amino-hydrocinnamic acid, NH 2 CeH 4 CH 2 CH2*C02H, is 
not stable, but is immediately transformed into its lactira, 
hydrocarbostyril (cf. Quinoline, Chap. XLTV, A2). 

Hydratropic acid, a-Phenyl-propionic acid, CH3-CH(CeH5)* 
COjH, is obtained — as its name implies — by the addition of 
hydrogen to atropic acid. It is liquid and volatile with steam. 

2. MONOBASIC UNSATURATED ACIDS 

1. Ciimamic acid, C^H^CRiCJlCO^U (Trommsdorf, 1780), 
occurs in Peru and Tolu balsams and also in storax, and may 
be prepared as given at p. 511, but more readily by heating 
benzal chlorides with anhydrous sodium acetate: 

CeHfi CHCl, + CHa CO.Na-^O.Hs-CnrCH COaH f HCI + NaCl. 

It crystallizes in needles or prisms, dissolves readily in hot 
water, melts at 133^^, and boils at 300°. When fused with 
potash, it is split up into benzoic and acetic acids; it also 
yields benzoic acid when oxidized. As an acid it yields salts, 
esters, Ac. Many of the esters are used in perfumery. As an 
olefine it forms additive compounds, with chlorine, bromine, 
hydrogen chloride, bromide, iodide, and also with hydrogen 
and hypochlorous acid, e.g. cinnamic acid dibromide (/3- 
phenyl-a-j8-dibromo-propionic acid), C^Hg-CHBr CHBr'COaH. 
Further, the hydrogen in the benzene nucleus may be replaced 
by Cl, Br, NOg, NH„ Ac. 

{ B 480 ) l« • 
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Cinnamic Acids. "According to the ordinary stcreo-cheniical 
theory of iinsaturated compounds, two cinnamic acids of the 
formula CgHg-CH : CH-COaH should exist (cf. Maleic andFumaric 
Acids, Chap. X, B.). Two have been known for some time, 
viz. storax-cinnamic acid, melting at 133°, and aito-cinnamic 
acid, melting at 68°, and prepared by reducing ^-brom-allo* 
cinnamic acid with zinc and alcohol, or by reducing phenyl- 
propiolic acid with hydrogen and finely divided palladium. 
But, in addition to these, several other cinnamic acids have 
been described (for summary see Erlenrneyer, Biochem. Zeitsch., 
1911, 34 , 306). Two of these Mo-cinnamic melting at 58°-59° 
(Liebermann), and the iso acid, m.-pt. 37°-38° (Erlenmeyer), 
and the alio acid, m.-pt. 68°, are trimorphous forms of the 
same substance (Biilmann, B., 1909, 182, 1443; 1910, 568). 
They appear to give the same melt as shown by examination 
of refractive indices (Stobbe), and solubilities (Meyer) ^ and also 
to give the same solutions as shown by their electrical conduc- 
tivities (Bjerum, B., 1910, 571), and absorption spectra (Stobbey 
ibid. 504). Any one of the three acids can be obtained from 
the melt by impregnating under suitable conditions with a 
crystal of the desired form. 

According to Sioermer and Heymann^ ordinary cinnamic acid 
has the trans- and the alio acid the cis-configuration. This 
conclusion is based on the fact that the o-amino-alio-cinnamic 
acid which yields coumarin (this Chaj)., A5) when diazotized 
and boiled with water, and hence the acid in which the 
benzene nucleus and the COgH group are in cis positions, is 
the acid which yields alio -cinnamic acid when the amino- 
group is removed. And the isomeric amino-acid which yields 
o-coumaric acid is the one which gives ordinary cinnamic acid 
(B., 1912, 3099). 

Methyl and ethyl cinnamates are used in the synthetic 
perfume industry, as are also the esters of many aliphatic 
and aromatic acids; cf. Thorpe’s Die. Sup. II, 126. 

Two stereo-isomeric a-bromo-cinnamic acids and two 
jS-bromo-cinnamic acids have been prepared. The a-bromo 
acids are obtained by the elimination of hydrogen bromide 
from cinnamic acid dibromide: 

CtH* CHBr CHBr CO,H - HBr C,H, CH I CBr CO,H, 
or its esters, and they melt respectively at 131° and 120°. 
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The corresponding j9-acids can be prepared by the addition of 
hydrogen bromide to phenyl-propiolic acid: 

CaH, C: C COaH 4 HBr : CH COjH* 

They melt respectively at 135® and 159®. (Compare Svdborough 
and others, J. C. 8., 1903, 666, 1153; 1905, 1841; 1906, 105; 
1911, 1620.) The two isomerides in each case represent the 
cis and trans forms. The cis forms are characterized by the 
readiness with which they yield cyclic indenones in the pre- 
sence of sulphuric acid, lAhcrviann, B., 1898, 2096: 

CeH, C H /CH : CH. 

11 -> > 

COOHCH \CO / 

0 - and p-Nitro--cinnamic acids, N02*CgH4*CH:CH C02H, 
the first of which is of importance on account of its relation 
to indigo, are obtained by the nitration of cinnamic acid. 
On reduction the former yields o-anuno-cinnamio acid, which 
readily yields its lactim carbostyril (a-hydroxy-quinoline). 

2. Atropic acid, CH2:C(CeH5)*C02H, is a decomposition 
product of atropine. It crystallizes in monoclinic plates, and 
can be distilled with steam. It breaks up into formic and 
a-toluic acids when fused with potash. 

3. (y)-Phcnyl-isocrotoiiic acid, 4-phenyl-A*-butene-l-acid, 
CgHg-CH :CH*CH 2 *C 02 n, is formed when benzaldehyde is 
heated with sodium succinate and acetic anhydride (IF, H, 
Perkin, sen,, also Jayne, A., 216 , 100): 

C^H^ CHO + CHa(C02H) CH2 C0,H ~ H,0 
^ C«H5CHCH(C0J1) CH8 

6 CO 

« CO 3 4 CeH,‘CH:CH CH, COaH. 

It is of interest on account of its conversion into a-naphthol 
(see this), upon boiling. 

4. Phenyl-propioUc acid, C^TLyClCCO^R (Olaser, 1870), 
is prepared from cinnamic acid dibromide or its ethyl ester by 
first converting into a-brom-cinnamic acid by elimination of 
hydrogen bromide, and then into the acetylenic acid by 
further elimination (just as ethylene is converted by bromine 
into ethylene bromide, and the latter decomposed into acety- 
lene by potash). It crystallizes in long needles, and melts at 
136®-137®. When heated with water to 120®, it breaks up 
into OOj and phenyl-acetylene (p. 414). It can be reduced to 
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allo-cinnamic acid and then to hydrocinnamic acid and trans- 
formed into benzoyl-acetic acid. 

o-Nitro-phenyl-propiolic acid, NOg CflH^ CiC COgH (Baeyer), 
is prepared in a manner analogous to that just given, viz. 
by the addition of bromine to ethyl o-nitro-cinnamate and 
treatment of the resulting dibromide with alcoholic potash 
(A., 212, 240). It is of interest on account of its relation to 
indigo (Chap. XLI, C.). When heated, it yields o-nitrophenyl- 
acetylene and CO2. 

3. SATURATED PHENOLIC ACIDS 

(For modes of formation see p. 510.) These acids may also 
be obtained by the oxidation of the homologues of phenol 
and of the hydroxy-aldehydes, which is effected, among other 
methods, by fusion with alkalis. 

The phenolic acids form salts both as carboxylic acids and as 
phenols, salicylic acid, for instance, the two following classes: 

,OH /ONa 

C,H/ and CeH/ 

^COaNa ^€0*Na. 

Mono- and Di-sodium salicylate 

The first of these two salts is not decomposed by CO2, while 
the second, as the salt of a phenol, is decomposed by it and 
converted into the first. The phenolic acids behave, therefore, 
like monobasic acids towards sodium carbonate. When both 
of the hydrogen atoms are replaced by alkyl, compounds of 
the type C2H50'CgH4*C02C2H5 are obtained, and these, as 
both ethers and esters, are only half hydrolysed when boiled 
with potash, e.g. to C2H50'CuH4*C02H, ethyl salicylic acid. 
The ether acids thus formed are typical monobasic acids, their 
alphyl radical being only eliminated by hydriodic acid at a 
rather high temperature (cf. p. 477). 

The o-hydroxy acids (COgHrOH =*1:2) are, in contradis- 
tinction to their isomers, volatile with steam, give a violet or 
blue coloration with ferric chloride, and are readily soluble in 
cold chloroform. 

The m-hydroxy acids are more stable than the o- and jp-com- 
pounds; while most of the latter break up into carbon ^oxide 
and phenols when quickly heated, or when acted on by hydro- 
chloric acid at 220®, the former remain unaltered. 

The phenolic acids are much more easily halogenated and 
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nitrated than the monobasic acids, just as the phenols are far 
more readily attacked than the benzene hydrocarbons. 

Salicylic acid, o-Hydroxy-benzoic acid (COaHtOH *=1:2), 
was discovered by Piria in 1839. It occurs in the blossom of 
Spircea Ulmaria^ and as its methyl ester in oil of winter-green, 
&c. It may be obtained by the oxidation of the glucoside 
saligenin; by fusing coiimarin, indigo, o-cresol, &c., with potash ; 
by diazotizing o-amino-benzoic acid, &c. (see p. 450). 

Preparation. — Sodium phenoxide is heated in a stream of 
carbon dioxide at 180®--220° (Kolbe, A., 113, 125; 116, 201, &c.), 
when half of the phenol distils over, leaving disodium salicylate: 

C,H, ONa f 00a - OH CeH^ COaNa; 

OH OeH. COjNa + - ONa C6H4 CO^Na -f CJIg OH. 

When CeHgOK is used, the product is salicylic acid, provided 
the temperature is kept below 150®; at higher temperatures, 
e.g. 220®, the para acid is formed. Mono-potassium salicylate, 
Cctf 4 (OH)'C 02 K, decomposes in an analogous manner at 220 ® 
into phenol and di-potassium |>-hydroxy-benzoate. 

As Kolbe's original method of preparation converted only 50 
per cent of the phenol into salicylic acid, Schmitt devised the 
following modification: The sodium phenoxide is heated in a 
closed vessel with carbon dioxide at 130®, and the compound 
.ONa 

first formed, CgHg-O C^ , sodium phenyl-carbonate, is 

thus transformed into mono-sodium salicylate by intra- 
molecular rearrangement. (Cf. B., 1905, 1376; A., 1907, 851 , 
313; C. C., 1907, ii, 48; also Chap. XXXVIII.) 

Salicylic acid crystallizes in colourless four-sided monocUnic 
prisms, dissolves sparingly in cold water but readily in hot; 
it melts at 155®, can be sublimed, but is decomposed into 
phenol and COj when heated quickly; ferric chloride colours 
the aqueous solution violet. It is an important antiseptic. 
It forms two series of salts (the basic calcium salt being in- 
soluble in water), and two series of derivatives, viz.: ( 1 ) as 
an acid it yields chlorides, esters, &c., and ( 2 ) as a phenol it 
yields ethers, &c., e.g. ethyl-salicylic acid, C 0 H 4 (OC 2 Hfi)CO 2 H. 

Pheoyl salicylate, HO*C 4 H 4 CO*OPh, the ester derived from 
phenol and salicylic acid, and generally termed Salol is 
a good antiseptic, and is prepared by the action of an acid 
chloride such as FOCI, or COCl^ upon a mixture of salicylic 
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acid and phenol, or by heating the acid itself at 220°. It 
forms colourless crystals. When its sodium salt is heated to 
300°, it undergoes molecular transformation into the sodium 
salt of the isomeric phenyl-salicylic acid (o-phenoxybenzoic 
acid), CuH50-CgH4*C02Na. Other phenols also yield salols, 
e.g. p-acetylaminophenol yields salopliene. 

m-Hydroxy-benzoic acid is prepared by diazotizing m-amino* 
benzoic acid. It crystallizes in microscopic plates, dissolves 
readily in hot water, and sublimes without decomposition; 
ferric chloride does not colour its aqueous solution. 

j^-Hydroxy-benzoic acid forms monoclinic prisms (d-HgO), 
and ferric chloride gives no coloration with the aqueous 
solution. As a phenol it yields the methyl ether, anisic acid, 
0Me-CgH4*C02H, prepared by treating p-hydroxy-benzoic 
acid with methyl alcohol, potash and methyl iodide, and 
saponifying the dimethyl derivative first formed. It is also 
formed by the oxidation of anisole. It is not a phenolic acid 
but an ether and a monobasic acid; hydriodic and hydro- 
chloric acids at high temperatures decompose it into ;p-hy- 
droxy-benzoic acid and methyl iodide or chloride. 

Hydro-para-coumaric acid (1 : 4), OH C 6 H 4 CH 2 CH 2 CO 2 H, 
p-p-hydroxy-pfienyl-propionic acid, is produced by the decay of 
tyrosine, ^-hydroxy 'phenyl-alanine, OH'CeH 4 ’CH 2 *CH(NH 2 )- 
CO 2 H, and also synthetically from _p-nitro-cinnaraic acid: 

NO, Cen4 CH:CH COjH NRa CsH^ CHa CH. COjH 

reduced 

diaxotized -> 0 H GeH4 CH2 CH2 C02H. 

Tyrosine, which crystallizes in fine silky needles, is found in 
old cheese {rvpos), in the pancreatic gland, in diseased liver, 
in molasses, &c., and is formed by the hydrolysis of many 
proteins or by their decay. 

It has also been obtained synthetically, as indicated by the 
following series of reactions: 

C,H 4 CH, CH 0 -f HCN 

CeH* CH* CH(OH) CN + NH, 

C«H 5 *CHa CH(NH,) CN 

^ C4Hs CH* CH(NHa) CO»H 

N 0 , C*H 4 CH* CH(NH 4 )*C 0 ,H 
OH CeH4 CHa‘CH(NH4) CO,H. 

(Compare also B., 1899, 3638; Am. 0. J., 1911, 368; J, C. S., 
1914, 1162.) 
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Of the numerous polyhydroxy-phenolic acids, the following 
may be mentioned: 

Protocatechuic acid, 3 : 4:-Dihydroxy~benzoic acid, is obtained 
by fusing various resins, such as catechu, benzoin, and kino, 
with alkali. It may be prepared synthetically, together with 
the 2 : S-dihydroxy-acid, by heating catechol, CeH 4 (OH) 2 , with 
ammonium carbonate. It crystallizes in glistening needles or 
plates, and is readily soluble in water; the solution is coloured 
green by ferric chloride, then — after the addition of a very little 
sodium carbonate — blue, and finally red. Like catechol it pos- 
sesses reducing properties. Its mono-methyl ether is vanillic 
acid, or i-hydroxy-^-meihoxy-henzoic add, CgH 3 (C 02 H)( 0 *CH 3 ) 
(OH), which is obtained by the oxidation of vanillin (Chap. 
XXV, D.) its dimethyl ether is the veratric acid of sabadilla 
seed (Veratrum Sabadilla), and its methylene ether is 


piperonylic acid CH 2 \ yCgHj-COaH, which can be prepared, 

^ 0 ^ 


among other methods, by the oxidation of piperic acid (this 
Chap., A5). 

Gallic add, 3:4: b-Trihydroxy-bmzoic acid, CeH2(0H)3C02H, 
occurs in nut-galls, in tea and many other plants, and as gluco- 
sides in several tannins. It is prepared by boiling tannin with 
dilute acids, or by allowing mould to form on its solution, and 
has also been obtained synthetically by various reactions. It 
crystallizes in fine silky needles (“fHgO), dissolves readily in 
water, alcohol, and ether, and has a faintly acid and astringent 
taste. It evolves carbon dioxide readily when heated, yield- 
ing pyrogallol, reduces gold and silver salts, and yields a 
bluish-black precipitate with ferric chloride. Like pyrogallol, 
it is very readily oxidized in alkaline solution, with the pro- 
duction of a brown colour. 

Gallic acid is used in the manufacture of blue-black inks. 
With ferrous sulphate it gives a pale-brown colour, which 
rapidly turns black on exposure to the air; the presence of 
a minute quantity of free sulphuric acid retards this oxida- 
tion, but when the acidified solution is used with ordinary 
paper the acid is neutralized by compounds present in the 
paper, and the oxidation takes place. Indigo carmine is 
added to the ink in order to give it a blue colour before 
oxidation occurs. Dermatol and Airol are bismuth derivatives 
(Chap. LXV, A2). 



528 


XXVI. AROMATIC ACIDS 


Tannin * is the generic name given to the naturally occurring 
derivatives of polyhydroxy-benzoic acids which are used for 
converting skins into leather. One of the most important of 
these is gallotannic acid, present in nut-galls, sumach, &c., 
and is a derivative of pyrogallol or gallic acid; other tanning 
materials appear to contain derivatives of catechol, and are 
often termed phlobo-tannins in contradistinction to pyrogallol 
tannins. They are characterized by the readiness with which 
they yield a red precipitate of phlobophane when their aqueous 
solutions are boiled with hydrochloric acid. 

Some of the important tanning materials are: Oak bark, 
Wattle bark, from diferent species of Acacia, e.g. A. arabica, 
dealbata, decurrens, of Australia, South Africa, India; Myrabolan, 
the dried fruit of Terminalia chebida of India; Sumach (leaves 
of Rhus coriaria) ; Divi-divi, pod of Caesalpina coriaria of South 
America; Cutch, extract of wood of Acacia catechu of India; 
Turwad, bark of twigs of Cassia auricidata of South India; 
Hemlock bark, Horse-chestnut bark, &c. 

At one time tanners made their own infusions of extracts, 
but it has become customary to extract the material at central 
factories, to evaporate the aqueous extract in multiple-eflfect 
film-evaporators under reduced pressure, and to put on the 
market a solid extract containing very little insoluble matter 
and 50-60 per cent of tannins. The process of vegetable or 
bark tanning consists in converting the gelatin of the skin 
into an insoluble compound with tannin. The result is to 
give a durable, flexible product, which does not undergo 
putrefactive changes. Before tanning, the skin has to xmder- 
go several preliminary treatments, e.g. liming to remove hair, 
deliming with acid or with decomposing dung or bran, split- 
ing into layers, &c. 

Gallotannic acid, commonly termed tannic acid, is probably 
a glucoside in which the five OH groups of d-glucose are 
esterified by m-digaUic acid: 

HO COjH 

HO^ HO "OH 

(cf. Glycosides, Chap. LVI, P.). All tannins are amorphous 
solids readily soluble in wslter or alcohol, but practically 


* M. Nierenstim, Natural Organic Tannim, London, 1934* 
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insoluble in ether, and yield precipitates with alkaloids, 
gelatins, and the salts of many heavy metals. 

Qninic acid, which is found in quinine bark, coffee beans, &c., 
is a tetrahydroxy-hexahydro-benzoic acid, CgH7(0H)4C02H. 
It crystallizes in colourless prisms and is optically active, 
Russel and Todd (J. C. S., 1934 and 1937) have synthesized 
compounds having a flav-pinacol structure (cf. Chap. LXIV, 
B.) wliich are indistinguishable from natural phlobo -tannins. 


4. ALCOHOL- AND KETO-ACIDS 

The monobasic aromatic alcohol-acids, which possess at one 
and the same time the characters of acids and of true alcohols 
(p. 505), contain the alcoholic hydroxyl in the side chain; this 
hydroxyl is consequently eliminated together with the side 
chain when the compound is oxidized. 

In behaviour they approximate very closely to the hydroxy- 
acids of the fatty series, as the phenylated derivatives of which 
they thus appear; at the same time they yield, as phenyl 
derivatives, nitro-compounds, &c., although those compounds 
can often not be prepared directly, on account of the readiness 
with w^hich the acids are oxidized. They differ from the 
phenolic acids in being more soluble in water, less stable, and 
non-volatile; as alcohols many of them give up water and 
yield unsaturated acids (which the phenolic acids can never 
do), and they can be esterified by hydrobromic acid, &c., with 
the formation of halide-substitution acids, &c. 

The hydroxy acids may be either primary, secondary, or 
tertiary alcohols, e.g. OH-CH^'CeH^-COOH, CeH5 CH(OH)- 
COOH, and C<jH6 CH2*C{CH3)(OH) COOH. The tertiary 
can sometimes be prepared directly by the oxidation, by means 
of a permanganate, of acids containing a tertiary hydrogen 
atom (:CH). 

Mandelic add, Phenyl^glycolUc acid, CeH3-CH(OH)*COaH 
(1835), is formed by hydrolysing the glucoside amygdalin 
with hydrochloric acid, and synthetically by the hydrolysis of 
benzaldehyde-cyanhydrin, mandelonitrUe, C3H5*CH(0H)*CN 
It forms glistening crystals, dissolves somewhat readily in 
water, and melts at 133®. 

Mandelic acid possesses an asymmetric carbon atom and 
exists in two optic^y active modifications, and these can form 
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a racemic compound (para-mandelic acid) in the same manner 
as d- and Z-tartaric acids. 

The acid obtained synthetically is the racemic acid, but this 
can be resolved (1) by the aid of chinchonine when the chin- 
chonine salt of the d-acid crystallizes first; (2) by means of 
green mould, 'penicillium glancum, which when grown on a 
solution of the ammonium salt of the acid destroys the laevo 
modification ; (3) by partially esterifying the racemic acid with 
an optically active alcohol, e.g. i-menthol; the non-esterified 
acid is then J-rotatory, as the d-acid is somewhat more readily 
esterified by Z-menthoI than the i-acid (cf. Chap. L, A.). The 
acid obtained from amygdalin is the Isbvo compound. It is 
comparable with lactic acid, Cn 3 -CH( 0 H)-C 02 H, yielding, 
like the latter, formic acid (together with benzoic) when 
oxidized; hydriodic acid reduces it to phenyl-acetic acid, just 
as it does lactic acid to propionic. 

o-Hydroxymethyl-benzoic add, OH CH 2 'C 2 H 4 -CO-OH, which 
is isomeric with mandelic acid, is unstable in the free state; 
as an ortho-compound, it readily yields the anhydride or 


lactone, Phthalide, 






0, which is obtained by the 


reduction of phthalic anhydride or chloride. It crystallizes 
in needles or plates, and can be sublimed unaltered. 

Tropic add, a~ Phenyl- ^-hydroxy-propionic add, 0H*CH2* 
CHPh-COgH (fine prisms), is obtained together with tropine 
by boiling atropine with baryta water; it is reconverted into 
atropine when warmed with tropine and hydrochloric acid. 
It exists in d-, i-, and r-modifications. Tropic acid can be 
synthesized from ethyl phenyl-acetate and ethyl formate, 
which react in the presence of sodium (Claisen reaction), 
yielding ethyl formylphenylacetate, CHO-CHPh-COgEt, or 
the enolic form, OH-CH : CPh’COjEt, which is reduced in 
ethereal solution by means of aluminium amalgam to ethyl 
tropate (Muller, B., 1918, 252). 

Benzoyl-formic add, Phenyl-glyoxylic add, GgHg^CO-COgH, 
is obtained synthetically by the hydrolysis of benzoyl cyanide, 
CflHg-CO'CN, with cold fuming HCl (Claisen, 1877), and also 
by the cautious oxidation of mandelic acid or acetophenone. 
It is an oil which only solidifies slowly, and when distilled 
is largely decomposed into carbon monoxide and benzoic acid. 
It reacts similarly to isatin with benzene containing thiophene 
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and sulphuric acid, and shows the normal reactions of the 
kctonic acids with NaHSOg, HCN, NH^-OH, &c. 

o-Nitro-benzoyl-formic acid, N02*CeH4*C0 C02*H, which 
can be prepared from o-nitro-benzoyl cyanide, yields o-amino- 
benzoyl«formic acid, isatic acid, NHg’CeH^-CO COgH (a white 
powder), upon reduction; when a solution of the latter is 
warmed, it yields its intramolecular anhydride (lactam), isatin. 


C,H,. 


,NH. 


/ (Chap. XLI, B.). 


Benzoyl-acetic acid, CgHg CO CHaCOgH (Baeyer), is the 
analogue of acetoacetic acid, and, like the latter, can be used 
for numerous syntheses. It is obtained as its ethyl ester 
(which is soluble in cold sodium hydroxide solution) by dis- 
solving ethyl phenyl-propiolate in concentrated sulphuric 
acid and pouring the solution into water; or, better, by the 
action of sodium ethoxide upon a mixture of ethyl benzoate 
and acetate {Glaisen*8 condensation, Chap. IX, H.). It is 
crystalline, melts at IDS'", and readily splits up into carbon 
dioxide and acetophenone, C^Hg-CO’CIIg; the aqueous solution 
is coloured a beautiful violet by ferric chloride. 

Aryl ketonic acids when heated with aniline lose COg and 
HgO yielding azo-methines from which aldehydes and aniline 
are readily formed by hydrolysis (BouveauU): 


C,H, CO CO,H : NHC.H^ C.Hj CH .* 0 


6. UNSATURATED MONOBASIC PHENOLIC ACIDS 

Hydroxy-cinnamic or Coumaric Acids, OH*C 8 H 4 *CH:CH- 

COgH. — The ortho-acid is present in melilot {Melilotus offici- 
nalis), and can be prepared by diazotizing o-amino-cinnamic 
acid, or from salicylic aldehyde by Perkin*s synthesis. The 
alcoholic solution is yellow with a green fluorescence. 

.0— GO 

Coomarin, I , is the aromatic principle of wood- 

\CH:CH 

ruff (Asperula odorata), and is also found in the Tonquin bean 
and other plants. It is obtained by the elimination of water 
from o-coumaric acid by means of acetic anhydride. It crys- 
tallizes in prisms, dissolves readily in alcohol, ether, and hot 
water; melts at 67°, and boils at 290°. It dissolves in sodium 
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hydroxide solution, yielding the sodium salt of coumarinio 
acid. This salt is stereo-isomeric with that of o-coumaric acid. 
The free acid itself appears to be incapable of existence, as it 
is immediately converted into coumarin (its anhydride), but 
various derivatives are known. o-Coumarinic acid is regarded 
as the m-compound, as it yields an anhydride (cf. Maleic 
Acid, Chap. X, B.). The stereo-isomeric o-coiimaric acid is the 
^mw5-acid (cf. Fumaric Acid): 


H-CCeH.OH HCCeH4-,OH 

HOOCCH HOCq Odl. 

o-Coumaric Coumarinic acid 


Synthetic coumarin is used in place of Tonquin bean and is 
very useful for fixing other odours. It can be synthesized 
by Perkin’s synthesis (p. 511) from salicylaldehyde, or from 
o-chloro-benzal chloride, Cl-CgH^-CHClg. This latter con- 
denses with acetic acid in the presence of potassium acetate, 
yielding o-chloro-cinnamic acid, which is readily reduced 
to o-chloro-phenylpropionic acid, Cl-CeH4*CH2*CH2-C02H, 
from which the corresponding o-hydroxy acid is obtained by 
heating with alkali. The free hydroxy acid loses water when 


heated, yielding hydro-coumarin. 


0‘CO — . 

C«H / >, 

N:)h,ch/ 


from 


which coumarin is formed by the action of bromine vapour at 
270°-300° (M., 1913, 1665). 

The usual method of synthesis is from o-cresol and phosgene. 
These yield dicresyi carbonate (CH3-CeH4*0)2C0 the tetra- 


chloro derivative of which 


(CHCl2*C6H4’0)2G0 with acetic 


anhydride and sodium acetate {Perkin synthesis) and sub- 
se^ent distillation yields coumarin (Rasekig). 

Coumarin (cis-anhydride) can be converted into cou marie 
(trans acid) by the following reactions. The anhydride when 
warmed with 20 per cent sodium bisulphite solution yields 


.0 — CO 

hydro-coumarin solphonate, CeH4(^ I , which 

^CHgCHSOjNa 

is converted into sodium hydro-coumaric sulphonate, 


OHCeH4CHtCH(CO,Na)SOj|Na, 


when warmed with alkali. The latter compound readily 
yields coumaric acid when hydrolysed {Dodge^ J. A. C. 8., 
1916, 446). 
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Jordan and Thorpe (J. C. S., 1915, 396) suggest that the 
sodium salt of coumarinic acid, which is yellow, has the ortho- 
quinonoid structure, 0 :CgH 4 :CH-CH 2 *C 02 Na, whereas the 
acid has the normal benzene structure 


OHCell^CHICHCOsH, 


and Dey (ibid. 1622) suggests that the yellow salts of hydroxy- 
cournarin also have quinone structures with quadrivalent 
oxygen. 



Coumarin derivatives can be synthesized by the condensa- 
tion of kctonic esters such as ethyl aceto-acetate, ethyl benzoyl- 
acetate, and ethyl acetone-dicarboxylate with phenols or naph- 
thols in the presence of sulphuric acid (Pechmann, B., 1884, 
929, 1646, 2187; 1899, 3681; 1901, 423; Dey, loc. cit.). 

3 : 4'Dihydroxy-cinnamic acid, Caffeic acid, (OH )2 CflH 3 CH : 
CH-COgH, crystallizes in yellow prisms, and is obtained from 
caffetannic acid, whose mono-methyl ether is femlic acid (from 
asafoetida) ; the isomeric umbeliic acid or ^)-hydroxy-o-coumaric 
acid readily changes into the anhydride corresponding to cou- 
marin, viz. ombelliferone, CgH^Oj; this last-named compound 
is present in varieties of Daphne. 

Belated to the above is piperic acid: 



.Hj CH : CH CH : CH COaH, 


a decomposition product of piperine (p. 688), which crystallizes 
in long needles. 


B. Dibasic Acids 

The saturated dibasic acids of the aromatic are analogous 
to those of the aliphatic series, i.e. the acids of the oxalic 
series (Chap. X, A.). As dibasic acids they can 3deld normal 
and acid salts, normal and acid esters, amides and amic acids, 
anilides and anilic acids, &c. 

Both carboxyl groups may be attached to carbon atoms 
of the nucleus, or both to carbon atoms of side chains; or 
one attached ^ the nucleus and one to a side chsdn, e.g. 
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C02H*CgH4*CHa*C02H. When the two carboxyl groups are 
attached to the nucleus in ortho-positions, an inner anhy- 
dride of the type of succinic anhydride (p, 267) is readily 
formed. The isomeric meta- and para-dibasic acids do not 
yield such anhydrides. 

Substituted dibasic acids are also known, e.g. hydroxy- 
uitro- and amino-dibasic acids. 

1 . Phthalic acid, Benzene-o-dicarboxylic addy CeH4(C02H)2 
{Laurent y 1836 ), is formed when any o-di-derivative of benzene, 
which contains tw^o carbon side chains, is oxidized by HNOg or 
KMn04, but not by CrOg (cf. p. 507); it can be formed by 
the oxidation of naphthalene by nitric acid or of naphthalene 
tetrachloride, and also of anthracene derivatives. At the 


present time phthalic acid is prepared on the commercial 
scale by oxidizing naphthalene with concentrated sulphuric 
acid in the presence of a small amount of mercury or mercuric 
sulphate at 220°-300°. It crystallizes in short prisms or plates, 
melts at 213°, and is readily soluble in water, alcohol, and 
ether. When heated above its melting-point, it yields the 
anhydride. When heated with lime, it yields benzoic acid or 
benzene according to the relative amounts of acid and lime 
used. Chromic acid disintegrates it completely, while sodium 
amalgam converts it into dihydro-, tetrahydro-, and finally 
hexahydro-phthalic acid (see below). Its barium salt, 
CaH4(C02)2Ba, is sparingly soluble in water. x 10 « = 12*0 
and ^2 X 10^ = 0*40. 

The acid ester CO2H*C0Er4*CO2Et is formed from the anhy- 
dride and alcohol and on esterification yields the normal ester, 
CgH4(C02Et)2 which is used as a denaturant for alcohol. The 
cyclohexyl ester is used as a solvent for cellulose esters. 


Phthalic anhydride, C^H 




0, crystallizes in long 


prisms which can be sublimed; it melts at 131 *6°, boils at 
284°, and is a very valuable synthetic reagent used in the manu- 
facture of phthalic esters, phthalimide, anthranilic acid (p. 519), 
anthraquinone (Chap. XXXII, A.), phenolphthalein and eosin 
dyes (Chap. XXX), and glyptal plastics (Chap. LX, C.). 

It is manufactured on a large scale by oxidizing naphtha- 
lene with fuming sulphuric acid (20 per cent oleum) at 285°- 
295° with a little HgSO^ and CUSO4 as catalyst, or still better 
by oxidizing naphthalene in the vapour phase with atmospheric 
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oxygen using vanaciium pentoxide as catalyst. Yield 90 per 


cent. 

Phthalimide, 


/NH, corresponds with succinimide 


in many respects. It is obtained by passing dry ammonia over 
heated phthalic anhydride, and readily gives rise to metallic 
derivatives. The ^potassium salt C4H4(CO)2NK, obtained by the 
action of aqueous caustic potash on an alcoholic solution of the 
iniide, readily reacts with alkyl iodides, yielding alkylated 
phthalimides, e.g. C0H4(CO)2NO2H5, and when these are hy- 
drolysed, primary amines, free from secondary and tertiary, 
are obtained, e.g.: 


CflH,:(CO),:NCjH5 + 2 h,o « c«ir,(C02Hh + cjIsNHj 

(Gabriel, B., 1887-1897). Numerous primary amines, including 
halogenated bases, which are difficult to prepare by other 
methods, have been obtained in this way. E. Fischer (B., 1901, 
455) has also used the same method for the preparation of 
the complex amine ornithine, 

NHj CHj CHjj CH. CHiNH,) CO,H, 


aS-diamino-n-valeric acid. The various steps are: Potassium 
phthalimide and trimethylene bromide yield 

C,H 4 : (CO), : NCH,CH,Cn,Br, 


and this on condensation with ethyl sodio-malonate gives 
C,H4 : (CO), : NCH,CH,CH,CH(CO,Et),; 


and on bromination and subsequent hydrolysis and loss of 
carbon dioxide CeH4:{C0)2:N*CH2-CH2-CH2*CHBrC02H is 
obtained. Aqueous ammonia converts this into the correspond- 
ing amino-compoxmd, and subsequent hydrolysis gives orni- 
thine. 

Ethylene and propylene oxides react with potassium phthali- 
midc yielding compounds of the type C4H4(C202)*N‘CH2* 
CH(0H)*CH3, and this on hydrolysis gives )9-hydroxy-n- 
propylamine, CH3-CH(OH)*CH2-NH2 (Gahrid, B., 1917, 819). 

The chloride, phthaJbrl chloride, which is obtained by the 
action of PCI5 upon the acid or the anhydride, appears to have 
the normal constitution C4H4(C0C1)2, as it yields the com- 
pound CeH4[CO‘CH(0O2Et)2]3 with ethyl sodio-malonate 
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{Scheiber, A., 1912, 389, 211; B., 1912, 2252). When heated 
with AICI3 it gives an isomeride which probably has the unsym- 


metrical formula CqH 4 <[^ 


as with benzene and AICI3 


,C?hos 

it yields phthalophenone, C 8 H 4 <^ ;0. 

\co~/ 


The symmetrical 


structure for the original compound is supported by a study 
of its reaction with aniline, and also by the value for its mole- 
cular volume {Osi, A., 1912, 392, 245). For physico-chemical 
study of the two forms, cf. Csanyi, M., 1919, 81; Ott and 
Pfeiffer, B., 1922, 413. 

2. Isophthalic acid (1 : 3), prepared from m-xylene, crystal- 
lizes in slender needles from hot water, in which it is only 
sparingly soluble; it sublimes without forming an anhydride. 
The barium salt is readily soluble in water, if x 10^ ~ 2*9. 

tJvitic acid is 5-methyl-isophthalic acid, and may be obtained 
by oxidizing mesitylene. 

3. Terephthalic acid (1 : 4) is obtained by the oxidation of 
p-xylene, cymene, &c., and especially of oil of turpentine or oil 
of cumin. It forms a powder almost insoluble in alcohol and 
water, and sublimes unchanged. For its preparation p-toluic 
acid is oxidized by potassium pennanganate. The barium salt 
is only sparingly soluble. 

A, Basyers researches have introduced a whole series of 
reduction products of phthalic acid, generally known as hydro- 
phthalic acids. The isomers among them differ from one 
another either by the position of the double bond in the ring 
(structural isomerism), or by the spatial arrangement of the 
carboxyl groups with respect to the ring (stereo-isomerism). 
This latter type is attributable to the fact that in the true 
aromatic acids the hydrogen and substituents are coplanar 
with the carbon ring, but on reduction, the formula becomes 
multiplanar and isomerism of the type met with in the cyclo- 
propane derivatives becomes possible (Chap. XVI), viz. cis 
and traus forms. 

Of the hydro-phthalic adds (A,, 269, 147) there are now 
known: Five dihyd/ro-acids (two of which are stereo-isomeric), 
four tetrahydro-aads (of which two again are stereo-isomeric), 
and two hernhydro-acids (which are stereo-isomers). Of the 
hydrcHterephfhiilic adds (A., 258, 1), five dihydro-, three tetra- 
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hydfo-y and two hexahydro-adda are known, two in each group 
being stereo-isomeric. 

The following principles have largely served for determin- 
ing the position of the double bonds in these compounds: 
(1) When bromine substitutes in a carboxylic acid it takes up 
the a-position to the carboxyl (i.e. it is attached in the benzene 
nucleus to the same carbon atom to which the carboxyl is 
linked). (2) If two bromine atoms stand in the ortho-'positkm 
to one another in a reduced benzene nucleus, they are elimi- 
nated, without replacement, by the action of zinc dust and 
glacial acetic acid ; whereas, if they stand in the para-position, 
they are replaced by hydrogen. (3) As in the case of the ali- 
phatic unsaturated acids, boiling with sodium hydroxide 
solution often gives rise to an isomeric acid, due to the wan- 
dering of a double bond in the direction of a carboxyl group 
(p, 187). (4) The stereo-isomeric modifications are easily 

transformed one into the other. 

The relations existing between the five known dihydro- 
phthalic acids may be taken as an example. When phthalic 
acid is reduced by sodium amalgam in presence of acetic acid, 
^ran^-A-3 : 5-dihydro-phthalic acid is produced, and this 
changes into the d5-A-3 : 5-acid when heated with acetic anhy- 
dride: 

•cpI 

TrayiS’A'S : 5 



H 

€is-A-3 : 6 


Both of these yield the A-2 : 6-dihydro-acid when warmed with 
alkali. When the dihydrobromide of the latter acid is treated 
with alcoholic potash, the A-2 : 4-dihydro-acid results, and, 
lastly, the anhydride of this yields the anhydride of the A- 
1 : 4-(iihydro-acid when heated: 

H 

HX / \X 

ll ^ 

A-l:4 

• In these formulae X ■» CO^H, A denotes the double bond, and the 
numbens refer to the carbon atoms at which the double bonds start. A-3 : 5 
indicates two double bonds, one between carbons 3 and 4, and a second 
between carbons 5 and 0. 


H 

A-2: 6 


H 

A-2; 4 
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All the dihydro-phthalic acids give anhydrides with the ex- 
ception of the tra7is-^-3 : 5-acid, which in this respect resembles 
fumaric acid. 

The following relationships have been established between 
the hydro -terephthalic acids: 

Terephthalic acid reduced with pure sodium amalgam in 
faintly alkaline solution gives a mixture of cis- and trans-^-2 : 5- 
di hydro-acids, both of which on oxidation readily yield tere- 
phthalic acid. When boiled with water both are converted 
into the A-1 : 5-dihydro-acid, and when boiled with caustic 
soda solution into the A-1 : 4-dihydro-acid. This acid is the 
most stable of the dihydro-acids, and is always obtained by 
the reduction of terephthalic acid imless great care is taken. 

When reduced with sodium amalgam the A-1 : 5-acid is con- 
verted into a mixture of cis- and ^ran5-A-2-tetrahydro-acids, 
which are also formed when the original acid is reduced with 
pure sodium amalgam (B., 1928, 871). Both acids readily com- 
bine with bromine, which can again be removed by means of 
zinc dust ; this dibromide, when warmed with alcoholic potash, 
gives the A-1 : 3-dihydro-acid, which cannot be obtained 
directly by the reduction of terephthalic acid. 

The A-l-tetrahydro-acid may be obtained by warming the 
A-2-acid with sodium hydroxide solution. 

The A-1 -acid yields a mixture of two stereo-isomeric di- 
bromides {cis and trans), and these when reduced with zinc 
dust and acetic acid yield the cis- and ^mn^-hexahydro-tere- 
phthalic acid: 

X X 


X 

A 


1 

/k 

’ H li 

X 

A 

X 

Y 

-> 

X h"" 

r 

1 “ 
'hIi 

\l/ 

^ U" 

”m 

\/H 

X 

Cis- 

H X A-1 : 6 

and trans-/^’2 : 6-dihydro ^ 

A-1: 4 

XH 

hAii 

X 

hA 


XH 

X 

hA 

A 


H 

I 

"Yh 

“Y 

Hexahydro 

A-1 

- 

A-2-tetrahydro 

A-l:3- 

eis and trana 

tetrahydro 

cia and tratia 

dihydro 
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The completely hydrogenated acida show great differences 
from the partially hydrogenated. Thus, hexahydro-tere> 
phthalic acid is exactly similar to a saturated acid of the 
fatty series, cold permanganate of potash has no effect upon 
it, while bromine substitutes (upon warming). 

On the other hand, the partially hydrogenated acids closely 
resemble the unsaturated acids of the fatty series. They are 
very readily oxidized by cold permanganate, and take up 
bromine or hydrobromic acid until the saturation stage of the 
hexa-methylene ring is reached. All of the hydro-acids can 
be transformed back into phthalic acid (A., 1894, 280, 94). 

For hydro-isophthalic acids see W. H. Perkin, Jun., and 
S. S, Pickles, P., 1905, 75, and Baeyer and Villig^, A., 1893, 
276, 255. 

A large number of substitution products of the phthalic acids 
are known, e.g. chloro- and bromo-phthalic acids (which are 
used in the eosin industry), nitro-, amino-, hydroxy- and sul- 
phophthalic acids, &c. 


HYDROXY-PHTHALIC ACIDS 


2:5-Dihydroxy-terephthalic acid, quinol-p~dicarboxylic acid, 
CeH 2 (OH)a(COjH),, in which both the hydroxyls and the car- 
boxyls are respectively in the p-position to one another, is 
obtained as its ethyl ester by the action of bromine upon 
succinylo-succinic ester, or of sodium ethoxide upon dibromo- 
acetoacetic ester. The free acid breaks up into quinol and 
carbon dioxide when distilled, and is converted by nascent 
hydrogen into succinylo-succinic acid. 

Succinylo-saoeinio acid, 2 : b’dikydroxy^J^^'^-dikydro-tere- 
phtJudic add, C^H 4 (OH) 2 (CC) 2 H),, is obtained as its ethyl ester 
by the action of sodium upon ethyl succinate (see p. 403). 
The ethyl ester crystallizes in triclinic prisms which melt at 
126®, and dissolves in alcohol to a bright-blue fluorescent 
liquid which is coloured cherry-red by ferric chloride. It con- 
tains two replaceable hydrogen atoms, being analogous to 
acetoaoetic ester. The free acid, on losing carbon dioxide, 
changes into tetrahydro-quinone or p-diketo-heooamethylene. 
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The ester may be represented as a dihydroxylic compound 
or as a diketone : 


CCOaEt 


HaC/ ^.C OH 

ho-cL/cii, 

OCOaEt 


CHCOaEt 

h,c./Nco 

OiK /CH, 
(^HCO.Et, 


and reacts as a tautomeric substance (cf. Ethyl Acctoacetate). 


C. Polybasic Acids 

Benzene ^-tricarboxylic acid or trimesic acid, CellalCOOHlg, 
can be obtained by the oxidation of mesitylene. The isomeric 
unsym. acid or triinellitic acid is obtained by the oxidation of 
colophonium, and the adjacent acid or hemimellitic acid is 
obtained by oxidizing naphthalene-1 : 8-dicarboxylic acid. 

The benzene tetracarboxylic acids, C0H2(CO2H)4, prehnitic 
acid [1:2:3: 4], mellophanic acid [1:2:3: 5], and psrromel- 
litic add [1 : 2 : 4 : 5], are obtained by heating mellitic acid 
or its hexahydro-derivatives. 

Mellitic add, 05 (C 02 H)g, occurs in peat as aluminium salt 
or honey-stone, CijjAlgOig -f ISHgO, which crystallizes in 
octahedra, and is also formed by the oxidation of lignite or 
graphite with KMnO^, It forms fine silky needles of great 
stability, can neither chlorinated, nitrated, nor sulphonated, 
but is readily reduced by sodium amalgam to hydromellitic 
add, C5Hg(C02H)g, and yields benzene when distilled with 
lime. 

As regards the esterification of these polybasic acids, it has 
been found that carboxylic groups which have other carboxylic 
groups in two ortho-positions cannot be esterified by the usual 
catalytic process, e.g. on esterification by the Fischer-Speyer 
method, hemimellitic acid and prehnitic acid yield dimethyl 
esters only, pyromellitic acid yields a tetramethyl ester, and 
mellitic acid is not acted on (F. Meyer and Sudborcmgh^ B., 
1894, 3146). 
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XXVII. AROMATIC COMPOUNDS CONTAINING TWO 
OR MORE BENZENE NUCLEI. DIPHENYL GROUP 

The aromatic compounds hitherto considered, with the ex- 
ception of azobenzene, benzophenone, &c., contain but one 
benzene nucleus. In addition to these, however, a consider- 
able number of compounds are known which contain two or 
more such nuclei united in a variety of ways. Such com- 
pounds are usually arranged in the following groups: 

1. Diphenyl group; this comprises the compounds with two 
benzene nuclei directly united. The parent substance of the 
group is diphenyl, 

2. Diphenyl-methane group; this includes all compounds 
with two benzene nuclei attached to a single carbon atom. 
The parent substance is diphenyl-methane, CeH 5 -CH 2 ‘CgH 5 . 

3. Dibenzyl or stilbene group, which comprises compounds 
containing two benzene nuclei linked together by a chain of 
two or more carbon atoms, e.g. dibenzyl, C<jHu*CH 2 *CH 2 -CeH 5 , 
and stilbene, C^E^dl:GE-Gfi^, 

4. Triphenyl-methane group, which contains the compounds 
with three benzene nuclei attached to a single carbon atom, 
e.g. triphenyl-methanc, CH{C 5 H 5 ) 3 . 

5. Compounds with condensed benzene nuclei, i.e. com- 
pounds with two or more nuclei with each pair of rings 
having a pair of carbon atoms in common (see Naphthalene 
and Anthracene). 


DIPHENYL GROUP 

Diphenyl is related to benzene in much the same manner 
as ethane to methane: 

CH^ and CHj-CH, CeHe and CeHg CeHs. 

Its molecule consists of two benzene nuclei directly united. 
Its method of synthesis by Fittig, by the action of sodium on 
an ethereal solution of monoiodo-benzene, or of copper-bronze 
at 230° {Vllmann, A., 1904, 332, 38) is analogous to the for- 
mation of ethane by the action of zinc or sodium on methyl 
iodide: 

2C.HJ + 2Cu « CJls-CaH* + CuJj. 
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An interesting synthesis is from phenyl magnesium bromide 
and anhydrous CrClg or CUCI 2 ; in both cases the metallic 
chloride is reduced to the lower ’ous form (J. C. S., 1914, 1057 ; 
1919, 559): 

2CrCl, + 2 C,H 5 MgBr -> 2CrCl, + 2MgBrCl + CeH. C.H^. 

Another synthesis is from _p-di-iodo- benzene and magnesium. 
The mono- and di-magnesium compounds are first formed, and 
these react, yielding IMg-CgH 4 *CgH 4 *MgI, which is converted 
into di-phenyl by the action of water (B., 1914, 1219): 

C.HJj, ICJl^ Mgl -f IMg CeH^ Mgl -> 

Mglj + IMgCeH.CeH^Mgl. 

It is also formed by passing the vapour of benzene through a 
red-hot tube. It is contained in coal-tar, crystallizes in large 
colourless plates, melts at 71®, boils at 254®, and is readily 
soluble in alcohol and ether. 

Diphenyl derivatives are usually formed as by-products in 
Sandmeyer's method for preparation of halide derivatives from 
diazonium compounds (Chap. XXII, A,), particularly when 
nitro-groups are present (Ullmami, B., 1901, 3802; 1905, 725), 
or when a diazonium salt is warmed with EtOH and zinc dust, 
Cu or Fe powders. 

They are also formed by the action of a diazohydroxide on 
benzene : 

NO. CeH^N, OH -f NOa CeH. C.Hg + N, + H,0 

{Gomberg and others, J. A. C. S., 1924, 2339; 1926, 1372; 
Grieve and Hay, J. C. S., 1934, 1797). 

Chromic acid oxidizes diphenyl to benzoic acid, one of the 
two benzene nuclei being destroyed. From this and from 
its synthesis, the formula of diphenyl must be C^Hg-C^Hg. 

Derivatives (Schultz^ A., 207, 311). — Like benzene, diphenyl 
is the mother substance of a series of derivatives which closely 
resemble the corresponding benzene derivatives. With poly- 
substituted derivatives the substituents are usually denoted 
by the following numbers, according to the position occupied: 



Mono-substituted derivatives exist in 0 -, m-, or j>-forms, 
according to the position of the substituent with reference to 
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the point of union of the two nuclei. The number of di-sub- 
stituted derivatives is still larger. The constitution of these 
is elucidated from their syntheses, from their products of oxida- 
tion, or by conversion into compounds of known constitution; 
thus a chloro-diphenyl, CigHyCl, which yields p-chloro-benzoic 
acid when oxidiised by chromic acid, is obviously p-chloro- 
diphenyl. Whether all the substituents are attached to the 
one nucleus or are distributed between the two, can also be 
proved by an examination of the products of oxidation. 

Substituents usually take up the p-position; in di-derivatives 
the p-p- (and to a lesser extent the o-p-) position. 

The spatial arrangement of the diphenyl molecule has 
attracted attention (cf. Chap. L, A5). 

Di-p-diamino-diphei^l, benzidine, NHg • CeH 4 • • NHg 

(Zinin, 1845), is obtained by the reduction of p-p-dinitro-di- 
phenyl (the direct nitration product of diphenyl); also, to- 
gether with diphenyline, by the action of acids upon hydrazo- 
benzene, the latter undergoing a molecular transformation 
(Chap. XXII, C2.) : CaH^-NH-NH-CgH^-y NH^ CeH^-CeH^-NH^ ; 
it is consequently formed directly from azobenzene by treating 
it with tin and hydrochloric acid. 

Benzidine is a diacid base which crystallizes in colourless 
silky plates, is readily soluble in hot water or alcohol, and 
melts at 122°. Its sulphate, Ci 2 Hio{NH 2 ) 2 'S 04 H 2 , is sparingly 
soluble. Like its homologues (toUdine, &c.), it is of special 
importance in the colour industry, as its diazonium-com- 
pound couples with naphthol-sulphonic or naphthylamine- 
sulphonic acids, yielding the ‘‘ substantive ” or direct cotton 
dyes (cf. Chap. LIX, B2). 

The isomeric diphenyline, 2 : 4'-diamino-diphenyl, may be 
obtained from 2 : 4'-dimtro-diphenyl, and also as a by-product 
in the preparation of benzidine from azobenzene. It crystal- 
lizes in needles, melting at 45°, and yields a sulphate which is 
readily soluble. 

Carbazole, 



the imide of diphenyl, is contained in coal-tar and in crude 
anthracene. It is separated from the hydrocarbons by treat- 
ment with solid potash, when the >N*K compound is formed, 
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and subsequently decomposed by water. It is formed by dis- 
tilbng o-ainino-diphenyl over lime at a low red heat, or by 
passing the vapour of diphenyl-amine through red-hot tubes, 
just as diphenyl is obtained from benzene, (C0H5)2NH 
(CeHj^NH + Hg. 

A good yield is obtained by heating 2 : 2-diaminodiphenyl 
with 25 per cent sulphuric acid at 200'' {Blank, B., 1891, 306). 
Tetrahydrocarbazole (one reduced benzene ring) is obtained 
by boiling cyclohexanone-phenylhydrazone with hydrochloric 
acid and on dehydrogenation yields carbazole. 

It crystallizes in colourless plates sparingly soluble in cold 
alcohol, melts at 245®, distils unchanged, and is characterized 
by the readiness with which it sublimes. Concentrated sul- 
phuric acid dissolves it to a yellow solution, and it forms an 
acetyl- and a nitro-compound, &c. The nitrogen in it occupies 
the di-ortho-position; it thus appears, like indole, to be a pyr- 
role derivative, and it shows, in fact, most striking analogies 
to the latter. 

Benzidine-mono-, di-, &c., sulphonic acids, e.g. Ci2H6(NH2)2 
(S08H)2, are of technical importance. The dihydroxy- 
diphenyls, Ci 2 Hh(OH) 2, of which four isomers are known, are 
formed (a) by diazotizing benzidine, (6) by fusing diphenyl- 
disulphonic acid with potash, and (c) by fusing phenol with 
potash or by oxidizing it with permanganate ; in the last case 
hydrogen is separated and two benzene residues join together. 

Diphenylene oxide, | yO, is obtained by distilling phenol 

CeH/ 

with plumbous oxide; it crystallizes in plates which distil 
without decomposition. 

The carboxylic acids of diphenyl are obtained (1) from the 
corresponding nitriles, prepared by distilling the sulphonic acids 
of diphenyl with KCN, e.g. di-p-diphexiyl-dicarboxylio add, 
Ci2Hg(COj^)2, a white powder insoluble in water, alcohol, 
and ether; (2) by the oxidation of phenanthrene and similar 
compounds, e.g. dipbenio add, C02H CgH4*C6H4-C02H, the 
2 ; 2'-dicarboxylic acid, crystallizing in nee^es or plates 
which are readily soluble in the solvents just mentioned; m.-pt. 
229®. Both of these are dibasic acids, which yield diphenyl 
when heated with soda-lime. 

The homologues of diphenyl are, like the latter, obtained 
by means of ulhmnn*8 reaction. Analogous to benzidine is 
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o>tolidine» Ci2He(CH3)2(NH2)2, m.-pt. 128"^, similarly di- 
anisidine, dimethoxY-benzidine, Ci2Hc(0*CH3)2(NH2)2. All 
these compounds yield diazonium salts, which couple with 
naphthols and then sulphonic acids to form substantive dyes 
(Chap. LIX, B2). 

Diphenyl may be regarded as monophenyl-benzene; the 
corresponding di- and triphenyl-benzenes are also known. 

2?-Diphenyl-benzene, CeH4(CeH5)2, may be obtained by the 
action of sodium upon a mixture of p-dibromo-benzene and 
brorno-benzene. It crystallizes in flat prisms, melts at 205"^, 
and on oxidation yields diphenyl-monocarboxylic and tere- 
phthalic acids. 

When hydrochloric acid gas is led into acetophenone, CgHj* 
CO-CIIg, a reaction analogous to the formation of mesitylene 
from acetone (p. 402) ensues, and triphenyl-benzene, 
CgH3(CgH5)3 (rhombic plates), is formed. 


XXVIII. DIPHENYL-METHANE GROUP 

Diphenyl-methane, CgHg CHg-C^jHg, is derived from methane 
by the replacement of two hydrogen atoms by two phenyl 
groups, and is thus closely related to phenyl-methane or toluene, 
Cgn5*CH3. One important diSerence is that when oxidized it 
cannot yield an acid containing the same number of carbon 
atoms since it does not contain a methyl group. It can be 
oxidized to the secondary alcohol benzhydrol, (C6H5)2CH-OH, 
or the ketone benzophenone, (€3115)200. Compounds like 
diphenyl-ethane, (C3H5)2CH*CH3, can yield acids. 

The various derivatives are obtained by substituting one 
or more of the twelve hydrogen atoms present in the diphenyl- 
methane molecule. If the substituent replaces any of the ten 
hydrogens directly attached to the benzene nuclei, a com- 
poimd is formed which closely resembles the corresponding 
derivatives of benzene, e.g. C3H5-CH2‘C3H4-NH2 closely re- 
sembles aniline. If, on the other hand, the substituent replaces 
a hydrogen atom of the methylene group, a compound with 
aliphatic properties is obtained, e.g. (C3H5)aCH-OH closely 
resembles a secondary aliphatic alcohol, 

( B 480) 
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The method of numbering the carbon atoms in tiie di}>henyl- 
methane molecule is usually as follows: 



Formation of diphenyl-methane and its derivatives. 

1. Diphenyl-methane is produced by the action of benzyl 
chloride upon benzene, in presence of zinc dust {Zinckey A., 169 , 
374), or of aluminium chloride (Friedel and Crafts): 

C^Hs-CHoCl f CeHe - CJI, i IICl. 

The homologues of benzene, and also the phenols and 
tertiary amines, may be used instead of benzene itself. 

In an exactly analogous manner diphenyl-methane is ob- 
tained by the action of methylene chloride, CII 2 CI 2 , upon 
benzene in presence of aluminium chloride: 

CH^Clj + - CH2(C6H,)2 4 21101. 

2. Diphenyl-methane hydrocarbons are formed by the action 
of the aliphatic aldehydes, e.g. acetaldehyde or formaldehyde, 
upon benzene, &c., in the presence of concentrated sulphuric 
acid (Boeyefy B., 1873, 963). With formaldehyde diphenyl- 
methane, or with acetaldehyde diphenyl-ethane, is formed: 

CH3 CHO 4 2C,Iie - CH8 CH(CeH5)3 4- H,0. 

The acetaldehyde and formaldehyde are employed here in 
the form of paraldehyde and methylal. Formaldehyde itself 
condenses with aniline to diamino-, and with dimethyl-aniline 
to tetramethyl-diamino-diphenyl-methane. When aromatic 
aldehydes are used, triphenyl-methane derivatives are formed 
(Chap. XXX). 

3. Aromatic alcohols react with benzene and sulphuric acid 
in an analogous manner (F. Meyer): 

CoH, CH, OH + CeHe - Cell.CIJ.CJI, I H,0. 

Similar reactions have also been brought about by means of 
ketones, aldehydo-acids, and keto-acids on the one hand, and 
phenol and dialkylated anilines on the other. 

Benzophenone may be regarded as a diphenyl-methane 
derivative (see p, 496). 
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Diphenyl-methane, (C 6 H 5 ) 2 CH 2 , is most conveniently pre- 
pared from benzyl chloride, benzene, and aluminium chloride. 
It crystallizes in colourless needles of very low melting-point 
(27°), is readily soluble in alcohol and ether, has a pleasant 
odour of oranges, and distils unaltered at 262°. 

It yields nitro-, amino-, and hydroxy-derivatives. p-Dia- 
mino-diphenyl-methane, CH 2 (CjH 4 NH 2 ) 2 , is obtained by heat- 
ing methylene-aniline, CgHg-NrCHg, prepared from formalde- 
hyde and aniline, with aniline and an aniline salt. It crystal- 
lizes in lustrous silvery plates, melting at 87°, and may be used 
for the preparation of fuchsine. Bromine at a moderate tem- 
perature reacts with the hydrocarbon yielding diphenyl-bromo- 
methane, (C 4 H 5 ) 2 CHBr, and when this is heated with water to 
150°, it yields benzhydrol, dipJienyl-carbinol, (CeH 5 ) 2 CH*OH, 
which can also be obtained from benzophenone and sodium 
amalgam, or by Grignard* s synthesis from benzaldehyde and 
phenyl magnesium bromide (C. R., 1914, 158 , 534). It crystal- 
lizes in glistening silky needles, melts at 68°, and as a secon- 
dary alcohol is readily oxidized to the corresponding ketone, 
benzophenone, (CV,H 5 ) 2 CO. 

aa-Diphenyl-ethane, (C 4 H 5 ) 2 CH-CH 3 (isomeric with dibenzyl, 
Chap. XXIX), is obtained by method of formation 2 (p. 546). 
It is a liquid, boils at 286°, and is oxidized to benzophenone 
by chromic acid. From it is derived: 

Benzilic acid, diphenyl-glycollic acid, (CeH5)2C(0H)*C02H, 
which is formed by a molecular transformation when benzil, 
CeHs-CO-CO-CeHj (p. 550; also Chap. XXXVIII), is fused with 
potash. It crystallizes in needles or prisms, dissolves in con- 
centrated sulphuric acid to a blood-red solution, and is reduced 
by hydriodic acid to diphenyl-acetic add, (C 4 H 5 ) 2 CH*C 02 H 
(needles or plates), which may also be obtained synthetically 
from phenyl-brom-acetic acid, CeHj^CHBr-COgH, benzene, 
and zinc dust, according to mode of formation 1, p. 546. 

Benzoyl-benzoic adds, benzophenone-carboxylic acids, 
C3H5*C0-CeH4-C02H. Of these the o-acid (m.-pt. 127°) 
has been prepared synthetically by heating phthalic anhydride 
with benzene and aluminium chloride. When heated with 
phosphorus pentoxide, at 180°, it yields anthra-quinone, 
.CO. 

This is a typical reaction and is used for 

^CO^ 

preparing many anthracene derivatives. 
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Fluorene, diphenylene-methane, j yCHg, stands in the 

Oell/ 

same relation to diphenyl-methane as carbazole (p. 543) does 
to diphenylamine ; it is at the same time a diphenyl and a 
methane derivative. It is contained in coal-tar, and is pro- 
duced when diphenyl-methane is led through red-hot tubes 
(like diphenyl from benzene), and also by passing the vapour 
of diphenylene-ketone over red-hot zinc dust. It crystallizes 
in colourless plates with a violet fluorescence, melts at 113°, 
and boils at 295°. The corresponding ketone, diphenylene- 
ketone, Ci 2 Hg:CO, which crystallizes in yellow prisms melting 
at 84°, is obtained by heating phenanthra-quinone with lime, 
and is converted into fluorenyl alcohol, (CgHJaiCH-OH (colour- 
less plates, m.-pt. 153°), by nascent hydrogen, and into di- 
phenyl-carboxylic acid, o-phenyl-benzoic acid, CgHg CgH^- 
COgH, by fusion with potash. 


XXIX. DIBENZYL GROUP 

This group comprises the compounds containing two ben- 
zene nuclei comiected by a chain of two carbon atoms. 
Among the most important members are: Dibenzyl, 
CeHs-CHa-CHa-CgHs ; stilbene, CeH,-CH : CH-CgH, ; tolanc, 
CgHg-C ; C-CgHg ; deoxybenzoin, CeHg’CHg-CO-CeHg ; hydro- 
benzoin, CeH 5 -CH(OH)-CH(OH)*CeH 5 ; benzoin, CeH 5 *CH(OH)- 
CO CeHs; benzil, 

Dibenzyl is symmetrical diphenyl-ethane (for the unsyrn- 
metrical compound see p. 547), stilbene is «-diphenyl-ethylene, 
and tolane diphenyl-acetylene. 

All these compounds yield benzoic acid when oxidized. 

Dibenzyl is formed when benzyl chloride is treated with 
metallic sodium, or by the action of benzyl chloride on benzyl 
magnesium chloride. It is often met with as a by-product in 
Grignard's synthesis by means of benzyl magnesium chloride. 
It is isomeric with ditolyl and with tolyl-phenyl-methane ; 
it crystallizes in needles or small plates, melts at 52°, and 
sublimes unchanged. 

Stilbene, s-diphenyUethylene, forms monocUnic plates or 
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prisms, melts at 125°, and also boils without decomposition. It 
may be prepared by the action of sodium upon benzal chloride, 
or by heating deoxybenzoin with sodium ethoxide, or best 
by the action of benzyl magnesium chloride on benzalde- 
hyde, and possesses the full character of an olefine, giving, for 
instance, a dibromide, CgHg-CJIBr-ClJBr-CeHg, with bro- 
mine, and being converted into dibenzyl by hydriodic acid. 
p-Diamino-stilbene, Ci 4 Hio(NH 2 ) 2 , and its disulphonic acid 
(obtained by reducing p-nitro-toluene or its sulphonic acid in 
alkaline solution) are, like benzidine, mother substances of 
“ substantive dyes ” (Chap. LIX, B2). Stilbene should exist 
in two stereo-isomeric modifications, the ordinary stilbene 
melting at 125° is usually regarded as the tram compound 


11 • CPh 
Ph C H ‘ 


An isomeride — the ci.s compound has been described 


by Otto and Stoffel (B., 1897, 1799). Just as ethylene bromide 
yields acetylene when boiled with alcoholic potash, so stilbene 
di bromide yields tolane, which crystallizes in prisms or plates, 
melting at 60°. It may also be prepared by the following 
series of reactions: 


CeHj CH. CO CeHfi H. CeH. CH ICOl CcH, C CeH*. 


Phosphorus pcntachloridc Alcoholic potash 


Tolane corresponds with acetylene in its properties in so far 
that it combines with chlorine to a dichloride and a tetra- 
chloride; but it docs not yield metallic derivatives, since it 
contains no “ acetylene hydrogen (p. 55). 

When stilbene dibromide is treated with silver acetate, two 
di-acetates are formed; and when these are hydrolysed by 
alcoholic ammonia, two isomeric substances of the composition, 
CgH 5 CH(OH) CH(OH) CeH 5 , hydrobenzoin and iso-hydro- 
benzoin or s-diphenyl-glycol, are produced. Both compounds 
are also formed by the action of sodium amalgam upon oil of 
bitter almonds. The former crystallizes in rhombic plates, 
melting at 138°, and the latter in four-sided prisms, melting 
at 119°, and is the more soluble of the two. The tw^o com- 
pounds are stereo-isomeric in the same manner as meso-tartaric 
and racemic acid, and Erlenmeyer, Junr,, has been able to re- 
solve hydrobenzoin, which corresponds with racemic acid, into 
two optically active components, by separating two different 
kinds of hemibedral ciystals (A., 198 » 115, 191; B., 1897, 
1631). 
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The compounds benzoin, benzil, and deoxybenzoin, which 
have already been mentioned, are closely related to one an- 
other, as their formulas show, and can also be prepared from 
benzaldehyde. When the aldehyde is boiled with an alcoholic 
solution of potassium cyanide it polymerizes,*** yielding benzoin, 

2CeHfi CH : O -= CeH, CH(OH) CO Cell,. 

This is often termed the acyloin condensation, and is charac- 
teristic of many aromatic aldehydes and of furaldehyde 
(J. A. C. S., 1932, 3302; 1933, 1228). Benzoin forms glistening 
prisms, m.-pt. 134°; nascent hydrogen reduces it to hydro- 
benzoin, from which it can also be obtained by oxidation. 
It reduces Fehling's solution even at the ordinary temperature, 
yielding benzil. 

Benzil, CgHg'CO-CO-CgHg, is obtained by oxidizing ben- 
zoin with nitric acid. It crystallizes in large six-sided prisms, 
melting at 95°. It is oxidized to benzoic acid by chromic 
anhydride, and reduced by nascent hydrogen — according to 
the conditions — either to benzoin or to deoxybenzoin, 

CeH^-CO CO CA + 2H -> CeH5 Cn(0]I) C0 CeH, 

benzoin 

or C.Hs-CO CO CeH, + 4H CO Cell, -f H,0. 

Deoxybenzoin 

It reacts with hydroxylamine to produce: 

Benzil-monoxime, CqH 5 -CO*C(:N*OH)*C 6 H 5 , and benzil- 
dioxime, C 0 H 5 -C(:N*OH)'C(:N*OH)’CeH 5 , which exist in the 
following stereo-isomeric modifications (Hantzsch and Werner^ 
B., 1889, 11; 1904, 4295; Dittrich, ibid. 1891, 3267): 

Monoximes: 

a. M.-pt. 134°, p. M.-pt. 113°. 

Dioximes: 

a. M.-pt. 237°, p. M.-pt. 207°, y. M.-pt. 163°, 
and possibly a fourth form. 

For discussion on configurations see Chap. L, Cl. 
Deoxybenzoin, C^Hg-CHa’CO'CgHg, forms large plates, 
melting at 55°, and may be sublimed or distilled unchanged. 
It can be prepared by the action of benzene and aluminium 

• For mechanism cf. Chalanay and Knaevenagel B., 1892, 295; Lapvmth, 
J. C. S., 1903, 1004. 
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chloride upon phenyl-acetyl chloride, C^lIg-CHg-CO-Cl, and 
hence its constitution, and yields di -benzyl with hydriodic 
acid. Deoxy benzol Q can also be prepared from benzil and 
benzoin (B., 1892 , 1728 ). One of its methylene hydrogen atoms 
is readily replaceable by alkyl, just as in acetoacetic ester. 
The radical, CH(CeH5)-CO-06H5, is termed “ desyl 

Benzilic acid, (CflH5)2C(0H)-C02H (p. 547 ), is formed when 
benzil is heated with alcoholic potash, by a peculiar molecular 
transformation similar to that by which pinacoline is formed 
(cf. Chap. XXXVIII). 

Compounds closely related to the dibenzyl group are those 
which contain two benzene nuclei united by a chain of more 
than two carbon atoms, e.g. ay-diphenyl propane, and also 
those com})ouiids containing three or more benzene nuclei 
united by a chain of carbon atoms, e.g. triphenyl-ethane, tetra- 
phenyl-cthanc, &c. 


XXX. TRIPHENYL-METIIANE GROUP 

Triphcnyl-methane, €11(0^115)3, is the parent compound of 
the group, homologues are tolyl-diphenyl-methane, (C5H5)2CH’ 
05114*0.113, ditolyl-phenyl-methane, C5H5*CH(C5H4‘CH3)2, &c. 

These hydrocarbons are of especial interest as being the 
mother 8ul)stances of an extensive series of dyes; the amino-, 
hydroxy-, and carboxy-derivatives of triphenyl-methane are 
the leuco-bases obtained from such dyes as rosaniline, aurine, 
malachite green, &c. 

Their formation is effected in a manner analogous to that of 
the diphenyl-methane derivatives, i.e. by the aid of zinc dust 
or aluminium chloride when chlorine compounds are used, or 
by the aid of phosphoric anhydride when oxygen compounds 
are employed. 

Thus, triphenyl-methane may be obtained (a) from benzal 
chloride and benzene in the presence of aluminium chloride, 

C,Hj CHCl^ -h 2C,He - CH(C.HJ, + 2HC1, 

or from benzaldehyde, benzene, and zinc chloride; (b) from 
chloroform and benzene in presence of aluminium chloride, 

3C,H. -f CHCl, - CH(C,Hd, + 3HC1; 
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(c) from benzhydrol and benzene in the presence of phos- 
phoric anhydride, 

(CeH,)jCH OH -f C,H, == (C,HdaOn (C«H,) + H,0. 

Derivatives of triphenyl-methane may be obtained by 
similar methods, e.g. the ieuco-base of bitter-almond-oil green, 
tetramethyl-diamino-triphenyl-methane may be prepared by 
the condensation of benzaldehyde and dimethyl-aniline: 

C«H,-CHO -f 2CeH,-N(CH3h “ C,H, CH I + H^O. 

When other amines or even phenols are used, a series of 
allied compounds (which are often dyes) is obtained, the sepa- 
ration of water being facilitated by the addition of zinc chlo- 
ride, concentrated sulphuric acid, or anhydrous oxalic acid. 

Triphenyl-methane, CH(CgH 5)3 (Kekule and Franchimont), 
may be prepared from chloroform and benzene by the Friedd- 
Crafts reaction (cf. A., 194, 152), diphenyl-methane being 
produced at the same time; also by eliminating the amino- 
groups from p-leucaniline, Ci 9 Hi 3 (NH 2 ) 3 , and most readily by 
reducing triphenyl-carbinol with zinc dust and acetic acid. It 
crystallizes in colourless prisms, m.-pt. 95°, b.-pt. 359°, and dis- 
solves readily in hot alcohol, ether, or benzene. 

Like many of its derivatives it cry^stallizes with 1 Mol. 

With a carbon disulphide solution of bromine it yields tri- 
phenyl-methyl bromide, (C 3 H 5 ) 3 -CBr, which, when boiled with 
water, yields triphenyl-carbinol, (C 6 H 5 ) 3 C’OH. This crystalUzes 
in glistening prisms, melts at 159°, and can be sublimed un- 
changed; it may also be prepared directly by oxidizing a 
solution of triphenyl-methane in glacial acetic acid with 
chromic acid, or synthetically by the action of Grignard's 
phenyl magnesium bromide on benzophenone or ethyl ben- 
zoate * 

(CeHJ.CO (CeHslaC'OMgBr (CeH,),C OH. 

A number of homologous and substituted triphenyl-carbinols 
have been prepared by this last method {Houben, B., 1903,3087), 
and also by the reaction between an amino-arylketone, sodium 
and an aryl halide, the sodium first forming a compound of the 
type R^-CNa-ONa, which reacts with the arylhalide yielding 
%CR'*ONa {Rodd and Unch, J. A. C. S., 1927, 2174), 
Triphenyl-meQ^lamme, CPhj NHj (B., 1912, 2910), re- 
sembles the carbinol in the readiness with which the NH, can 
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be replaced, e.g. with ethyl alcohol the NHg is replaced by OEt. 

Fuming nitric acid converts triphenyhniethane into trinitro- 
triphenyl-methane, (CgH4*N02)3-CH (yellow scales), which 
can then be oxidized by chromic acid to trinitro-tripbenyl- 
carbinol, (CeH4-N02)3C*0H. The latter gives para-rosaniline, 
(C4H4*NH2)3C*0H, when reduced with zinc dust and glacial 
acetic acid. 

Homologous with triphenybmethane are the tolyl-diphenyl- 
methanes, (C4H5)2CH*C4H4*CH3. From these also dyes are 
derived, especially from m-tolyl-diphenyl-methane (in which 
the CH3 occupies the meta-position with regard to the methane 
carbon atom), which can be prepared by diazotizing ordinary 
leucaniline; it crystallizes in small prisms and melts at 59 - 5 ®. 

TRIPHENYL-METHANE DYES 

The entrance of three amino- or hydroxy-groups converts 
triphenyl-methane and its homologues ink) the leuco-com- 
pounds of dyes, some of which latter are of great value. Two 
amino-groups suffice for the full development of the dye 
character only when the amino-hydrogen atoms are replaced 
by alkyl radicals, one amino-group being insufficient for this 
(see under p-amino-tri phenyl-methane). 

The following are the chief groups of triphenyl-methane 
dyes : 

1. Those derived from diamino-triphenyl-methane. The 
malachite-green group. 

2. Those derived from triamino-triphenyl-methane. The 
rosaniline group. 

3 . Those derived from trihydroxy-triphenyl -methane. The 
aurine group. 

4 . Those derived from triphenyl-methane-carboxylic acid. 
The eosin group. 

Leuco-bases or leaco-compoonds of dyes (Chap. XXII, E.) 
are the colourless compounds formed by the reduction of the 
dyes, usually by the addition of two atoms of hydrogen. 
When oxidized they are converted back into the dyes. 

All the dyes of the triphenyl-methane group, and also 
indigo, methylene blue, safranine, &c., are capable of yielding 
such leuco-compounds, generally on reduction with zinc and 
hydrochloric acid, stannous chloride, or ammonium sulphide. 
(■iSO) 19* 



554 


XXX. TRIPHENYL-METHANE GROUP 


The oxidation of the leiico-compoiinds is often quickly 
efiected by the oxygen of the air (e.g. in the cases of indigo 
white and of leuco-methylene blue); in the triphenyl-methane 
group it is slower and frequently more complicated. Leuco- 
malachite green is readily oxidized to the corresponding 
colour-base when treated with lead peroxide in acid solution, 
and leucaniline when warmed with chloranil in alcoholic 
solution, or when its hydrochloride is heated either alone or 
with a concentrated solution of arsenic acid, or with metallic 
hydroxides such as ferric hydroxide. 

The leuco-bases of the triphenyl-methane dyes are deriva- 
tives of triphenyl-methane or its homologues, the corresponding 
dye-bases obtained by oxidizing the leuco-bases are derivatives 
of triphenyl-carbinol or its homologues, and the dyes them- 
selves are salts obtained by the elimination of water from the 
dye-base and an acid. The relationships between the three 
groups of compounds — leuco-base, dye-base, and dyes — are in- 
Seated in the following scheme: 


oxidized acid 

Lenco-ba»e dye-baao dye. 

reduced alkali 


Ajb an example: 

^,{(\H,N1T,), 

CH(C«H, N1I,\, > Oil C(CcH,-NH3)3 <X 
T O 4 HCll 

-h.oL 


1. AMINO- AND DIAMINO- TRIPHENYL-METHANE GROUP 

j^-Amino-triphenyl-methane can be synthesized either by 
the condensation of p-nitro-benzaldehyde with benzene and 
subsequent reduction, or from benzhydrol and aniline. It 
forms large prisms, and melts at 84°. The corresponding car- 
binol is colourless and with acids yields red salts, but these 
cannot dye animal fibres. (Of., however, B., 1913, 70.) 

p : j^-Diamino-triphenyl-methane, CeH5*CH(CeH4*NH2)2, is. 
prepared by the action of zinc chloride or of fuming hydro- 
chloric acid upon a mixture of benzaldehyde and aniline 
sulphate or chloride: 

CeH,-CHO + 2C«H8NH, « + H,0. 

It crystallizes in prisms, and the colourless salts yield an 
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unstable blue-violet dye, benzal violet, when oxidized. Me- 
thylation converts the base into: 

Tetramethyl-di-^?-ammo-triphenyl-methane, huco-malachite 
green, CgH 5 *CH[CaH 4 *N(CH 3 ) 2 ] 2 > which is prepared on the 
technical scale by heating benzaldehyde and dimethyl-aniline 
with zinc chloride or concentrated sulphuric acid (0. Fischer, A., 
206, 103). It forms colourless plates or prisms. As a diacid 
base it yields colourless salts, which are slowly converted by 
the air, but immediately by other oxidizing agents, such as 
lead dioxide and sulphuric acid, into the salts of tetramethyl- 
diamino-triphenyl-carbinol, CflH 6 *C(OH) [CeH4N(CH3)2]2. The 
free base is obtained by precipitating the salts with alkali. 
It crystallizes in colourless needles, and dissolves in cold acid 
to a colourless solution; upon warming, however, the intense 
green coloration of the salts is produced (see p, 557). 

The double salt with zinc chloride, (CgaH^sNaCllg, 2 ZnCl 2 , 
2 H 2 O, or the oxalate, (C 23 H 26 N 2 ) 2 ^ 3 H 2 C 2 O 4 , of this base is the 
valuable dye bitter-almond-oil green, rrialachite green or Victoria 
green, which forms green plates, readily soluble in water. This 
can also be prepared directly by heating benzo-trichloride with 
dimethyl-aniline and zinc chloride {Doebner), Brilliant green 
is the tetraethyl compound. The sulphonic acid of the diethyl- 
dibenzyl-diamino-triphenyl-carbinol is acid green. 

The fastness of all these dyes is improved by the introduc- 
tion of an ortho-chlorine atom. Sulphonic acids derived from 
these chloro-compounds are the night green. A., patent green, 
A. G. L., and brMant milling green of commerce. 


2. ROSANILINE GROUP 

Fuchsine or magenta was first obtained in 1856 by Natanson, 
who noticed the formation of a red substance, in addition to 
that of aniline hydrochloride and ethylene-aniline, when ethy- 
lene chloride was allowed to act upon aniline at a temperature 
of 200® (A., 98, 297). It was prepared shortly afterwards by A, 
W. Hofmann, by the action of carbon tetrachloride upon aniline, 
and was first manufactured on the technical scale in 1859. Hof- 
mann's scientific researches on this subject date from 1861. 
The chemical constitution was made clear by Emil and Otto 
Fischer (1878). 

The rosaniline dyes are derived partly from triphenyl- 
methane and partly from m-tolyl-diphenyl-methane; in the 
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former case they are often designated para-compounds (e.g. 
** para-rosaniline because it is prepared from aniline and para- 
toluidine; “ para-rosolic acid ”). 

Para-leucaniline, triamino-triphenyl-methane, CH(CgH4‘NH2)8, 
and leucaniline, triamino-diphenyl-tolyl-methane, CHg-C^Hg 
(NH2)*CH(C6H4-NH2)2, are formed by the reduction of the 
corresponding trinitro-compounds and also of the correspond- 
ing dye-bases, para-rosaniline and rosaniline; the first named 
also by the reduction of p-nitro-diamino-triphenyl-methane. 
The free leuco-bases are precipitated by ammonia from solu- 
tions of their salts as white or reddish flocculent masses, and 
crystallize in colourless needles or plates; they melt at 203° 
and 100° respectively. As bases they form colourless crystalline 
salts. 

Para-rosaniline, OH C(C6Ti4NH2)3, and rosaniline, OH* 

/fCeH4-NH2)2 


are the bases of the magenta dyes. They 


^CeH3Me-NH2 

are obtained by procipitiiting solutions of their salts with 
alkalis, and crystallize from hot water or alcohol in colourless 
needles or plates, which become red in the air. Both are tri- 
acid bases, stronger than ammonia. As they yield tri-diazonium 
salts on treatment with nitrous acid, they must contain three 
primary amino-groups. The diazonium compounds readily 
yield the corresponding hydroxylic dyes, aurine and rosolic 
acid (this Chap., 3), when boiled with water. 

Constitution . — The relations between the rosanilines and tri- 
phenyl-methane were made clear by Emil and Otto Fischer, who 
transformed leucaniline into diphenyl-tolyl-methane by diazo- 
tizing and decomposing with alcohol. In a similar manner, 
para-leucaniline was converted into triphenyl-methane. The 
two leuco-bases are, therefore, undoubtedly triamino-deriva- 
tives of diphenyl-j?-tolyl-methane and of triphenyl-methane 
respectively. The dye-bases, which differ from the leuco- 
bases by one atom of oxygen, are the corresponding carbinol 
derivatives, i.e. rosaniline is triamino-diphenyl-jp-tolyl car- 
binol, and para-rosaniline triamino-triphenyl-carbinol. 

That the three amino-groups are distributed equally among 
the three benzene nuclei is clear from the synthesis of para- 
leucaniline by means of y-nitro-benzaldehyde. y-Nitro- 
benzaldehyde, aniline, and sulphuric acid yield p-nitro- 
diamino-triphenyl-methane, N02*CeH4*CH(CeH4*NHj)2, which, 
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when reduced, yieldn para-leiicaniliric. We have, therefore, the 
following formula; 

OHf C„H,NII, C(OIl)?-CJl4NIh 

Para-leucaniline Rosaniline 

It can he shown that each amino-group occupies the p- 
position with respect to the methane carbon atom. Diamino- 
tri phenyl-methane can be synthesized from benzaldehyde and 
aniline in the presence of a dehydrating agent. When diazo- 
tized and warmed with water, the corresponding dihydroxy- 
triphenyl -methane is formed, and this, when fused with 
potash, yields j 9 -dihydroxy-benzoj)henone : 

CJI,, (:iI(C,H4NH2h > CeIVCH(C«H4 OI), - 00(^,114 OH),. 

In this last compound the p-positions of the hydroxy-groups 
have been established, and hence the original amino-groups 
must also have occupied the p-positions, unless intramolecular 
rearrangement has occurred. 

When j?-nitro-benzaldehyde is condensed with aniline, p- 
nitro-diamino-triphenyl-methane is formed, and the nitro- 
group must be in the 7)-position, and by analogy with the pre- 
vious reaction the two amino-groups are also in p-positions, 
and as this compound on reduction yields para-leucaniline it 
follows that all three amino-groups occupy p-positions — a 
conclusion which is supported by the fact that para-leucaniline 
can also be transformed into p-dihydroxy-benzophenone. 

The salts of rosaniline and para-rosaniline, fuchsine or 
magenta, C2oHaoN3Cl, rosaniline nitrate, C2 oHj5qN 3{N03), ros- 
aniline acetate, C2oH2oN3(C2H302), para-fuchsine, C19H18N3CI, 
&c., are the actual dyes. While they possess a magnificent 
magenta-red colour in solution, and have intense colouring 
power (dyeing wool and silk without a mordant), their crystals 
are of a brilliant metallic green with cantharides lustre, i.e. of 
nearly the complementary colour. They are fairly soluble in 
hot water and alcohol. 

In the formation of the salts, water is eliminated: 

C(0H){C,H4 NH,), + HCl « HCl I H,(). 

In the dyes there is therefore present a peculiar nitrogen- 
carbon linking (see Formula I), which is reminiscent of the 
older quinone formula; but the simpler constitution (Formula 
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II), which corresponds with the newer quinone formula, is now 
more generally accepted, and is usually termed the quinonoid 
formula : 


(I) 

/CeH.NH* 

i \CeH4 NH, HCl 

I I 

(Fischer) 


(TI) C(C.H,NH,), 

CfCellNH, or II II 

V;,Hj:nh, HCl \/ 

(jV.X:*!) NHjCl 

Para-rosaniline cliK)ridf 


An analogous separation of water is also observed in the 
formation of salts of the malachite green base, but this only 
takes place upon warming, as is proved by the fact that it 
dissolves without colour in cold acids, and that the intense 
coloration of the salts first becomes apparent after warming 
the solution. 

In addition to the above salts there also exist acid ones, 
e.g. CgoHaoNaCl + 3HCI (which yields a yellow-brown solution, 
not a magenta-coloured one); these dissociate into the neutral 
salts and free acid upon the addition of much water. The 
formation of such acid salts is readily accounted for by the 
quinonoid formula. 

Assuming the quinonoid structure II for para-fuchsine, then 
the conversion into para-rosaniline under the influence of 
alkalis should be preceded by the formation of an unstable 
quaternary ammonium hydroxide, which becomes transformed 
into the carbinol compound, para-rosaniline: 


C(C.H,NH,), 

/\ 

II II ► 

NHjCl 

Para-fuchsine 


C(C,H*NH,), 

/\ 


\/ 

iOI,OH 


HOqC.H.NHj), 


J 


\/ 

NH, 


Para-rosaniline 


Hantzsch and Osswaldy by means of electrical conductivity 
determinations (B., 1900, 278), have been able to indicate 
the presence of such an ammonium derivative in the solution 
which is formed when the dye is brought into contact with an 
equivalent of alkali. This compound is coloured in contra- 
distinction to the carbinol base, is very strongly basic and 
therefore strongly ionized, and is gradually transformed into 
the insoluble carbinol base. Para-rosaniline and the dye-bases 
generally are pseudo-bases corresponding in many respects 
with the pseudo-acids (p. 425). 



METHYLATED IlOSAmLINES 


669 


Formerly in the manufacture of magenta, a mixture of ani- 
line with o- and j^-toluidine was oxidized by S 3 rrupy arsenic 
acid, stannic chloride or mercuric chloride or nitrate, &c.; in 
the modem method, a mixture of nitro-benzene with aniline 
and toluidine is heated with iron filings and hydrochloric 
acid (Coupier). Nitro-toluene may also be employed instead 
of nitro-benzene. If o-toluidine is present in the mixture of 
aniline and p-toluidine to be oxidized, rosaniline is formed, 
and if it is absent, para-rosaniline. When pure aniline is oxid- 
ized alone, it yields no fuchsine at all, but products of the 
nature of indulin. This is explained by the fact that for the 
formation of fuchsine a carbon atom is required which shall 
serve to link the benzene nuclei together, a so-called ** methane- 
carbon in the action of carbon tetrachloride upon aniline, 
this carbon originates from the tetrachloride, and in the oxi- 
dation of a mixture of aniline and j9-toluidine, from the methyl 
group of the latter, as is shown in the following scheme: 

NH, (VI,rHa 4 orjbNlla -V 

: NH,Cl. 

Para-rosaniline and rosaniline are also formed by heating p- 
diamino-diphenyl-methane (p. 547) with aniline and o-toluidine 
respectively, in presence of an oxidizing agent (B., 1892, 302). 

When rosaniline is heated with hydrochloric or hydriodic 
acid to 200^^, it is sjdit up into aniline and toluidines; when 
superheated with water, para-rosaniline yields ^-dihydroxy- 
benzophenone, ammonia, and phenol. When boiled with 
hydrochloric acid, rosaniline breaks up into p-diamino-benzo- 
phenone and o-toluidine. A solution of fuchsine is decolorized 
by sulphurous acid, an additive-product, fuchsine-sulphurous 
acid, being formed. This solution, Schiff's reagent, is a delicate 
reagent for aldehydes, which colour it violet-red (see p. 150). 

Formaldehyde and o-toluidine yield methylene o-toluidine, 
CH 2 :N*CgH 4 *CH 3 , which condenses with o-toluidine and its 
hydrochloride, yielding diamino-o-tritolylmethane, which can 
be oxidized to the dye new magenta. 

1. Methylated rosanilines (Hofmann, Lauth ), — The red 
colour of para-rosaniline and of rosaniline is changed into 
violet by the entrance of methyl or ethyl groups, the intensity 
of the latter colour increasing with an increasing number of 
these groups. The salts of bezamethyl-para-rosaniline have 
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a magnificent bluish-violet shade. In the manufacture of these 
“ methyl- violets ” one may either (1) methylate rosaniline (by 
means of CH3CI or CH3I); or (2) oxidize, instead of aniline, 
a methylated aniline such as dimethyl-aniline by means of 
cupric salts, whereby para-rosaniline derivatives result; or 
( 3 ) allow phosgene to act upon dimethyl-aniline (or the latter 
to act upon the tetramethyl-diamino-benzophenone first pro- 
duced) : 

COCi, + S(^eH5-N((^H3L « + 2HC1. 

In the last case hexamethyl-violet, termed “ crystal violet ” 
on account of the beauty of its crystals, is formed, while the 
methyl- violets prepared by methods (1) and (2) are mixtures of 
hexa-, penta-, and tetramethyl-rosani lines and are amorphous. 

The hydrochloride of the hexamethyl dye has the consti- 
tution : 

y[CeH,N(CH3hL 
Cf or 

j \C,H, N(0n3)3 CI : NiCH^VCl. 


An interesting synthesis of this compound is by the action of 
the magnesium derivative of p-brorno-dimethyl-aniline on 
tetramethyl-diamino-benzophenone and subsequent treatment 
with hydrochloric acid (cf. Synthesis of Tertiary Alcohols, 
p. 141). 

The hexamethyl-carbinol no longer contains an amino- 
hydrogen atom, in consequence of which any further methyl 
chloride or iodide cannot effect an exchange of hydrogen for 
alkyl, but can only form an additive compound, a quaternary 
ammonium salt. Such addition causes a change of colour from 
violet to green; thus the compound 


.CeH,N(CH,). 

(CH3)3NCi:c.h,:c< 


rNCI(CH,), 


is the dye metiiyl green or light green. Ethyl green (ethyl- 
hexamethyl rosaniline) is formed by the action of ethyl bro- 
mide on methyl violet. 

Various ethyl violets are known corresponding with the 
methyl violets. The hexa-substituted rosanilmes, which contain 
benzyl as well as methyl or ethyl groups, are similar to crystal 
violet; their sulphonic acids form useful dyes, e.g. aoid violet. 

2. Phenylated rosanilines. the successive entrance of 
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phenyl-groups into rosaniline, there are formed in the first 
instance violet dyes, which change to blue when three phenyl 
groups have entered. Triphenyl-fuchsine or ^‘aniline blue” 
is a beautiful blue dye, insoluble in water but soluble in alcohol. 
It is prepared by heating rosaniline with aniline in presence 
of benzoic acid, when ammonia is eliminated; or by the 
oxidation of phenylated aniline, i.e. diphenylamine, e.g. by 
means of oxalic acid. The latter supplies the “ methane 
carbon atom and the beautiful ‘‘ diphenylamine blue or 
spirit blue which is formed is a para-rosaniline derivative. 
Formaldehyde can also supply the methane carbon atom. 

Dyes insoluble in water are converted into soluble sulphonic 
acids. Such acids are Nicholson^s blue, water blue, and light 
blue. Patent blue, new patent blue, are disulphonic acids. 

3. TRIMYDROXY-TRIPHENYL-METHANE, CH(CeH4*OH), 

OR THE AURINE GROUP 

The hydroxy-analogues of para-rosaniline and rosaniline are 
aurine, Ci 9 Hi 403 , and rosolic acid, CjoHicD-j: 

(OHCeli^jjCC.H^O or 
• i Aurine 

They are acid (phenol dyes) not basic dyes and are of far 
less value than the basic dyes already described. They are 
formed when the diazonium derivatives of para-rosaniline or 
rosaniline are boiled with water {Caro and Wanklyfiy 1866): 

0H C(C 4 ll 4 N*S 04 H )3 + SHjO - 0H C(C4H4 0H)3 + SN,, + 3H4SO4; 

oh c(C 4H4 0H)4 * (on c4H4),c:CeH4:o + h*o. 

The primary product, carbinol, is incapable of existence, and 
loses water. The constitutional formul© follow from this close 
relation to the rosanilines. 

Aurine is also obtained by heating phenol with oxalic and 
sulphuric acids to 130®~150® {Kolbe and Schmitt, 1859), the 
oxalic acid yielding the “ methane carbon atom rosolic acid 
results in an analogous manner from a mixture of phenol and 
cresol with arsenic and sulphuric acids. Phenol by itself yields 
no rosolic acid upon oxidation. 

Aurine and rosolic acid crystallize in beautiful green needles 
or prisms with a metallic lustre, dissolve in alkalis with a 
magenta red colour, and are thrown down again from this 
solution by acids. The alkaline salts are decidedly unstable, 
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aurine being but a weak phenol; at the same time it possesses 
a slightly basic character. An ammonium salt is known 
which crystallizes in dark-red needles with a blue lustre. 
Upon reduction there are formed the leuco-compounds leu- 
caurine, CH(CgH 4 0 H) 3 , and leuco-rosolic acid, OH-CgHgMe- 
CH(C 6 H 4 ‘ 0 H) 2 , both of which crystallize in colourless needles 
of phenolic character. Superheating with water transforms 
aurine into j)-dihydroxy-benzophenonc, CO(CgH 4 *OH) 2 , and 
phenol; superheating with ammonia, into para-rosaniline. 

Chrome violet, prepared from formaldehyde, salicylic acid, 
and sulphuric acid, is sodium aurine-tricarboxylate. 


4. TRIPHENYL-METHANE-CARBOXYLIC ACID, OR THE 
EOSIN GROUP 

Triphenyl-methane-carboxylic acid, CH(0gH5)2(CeH4 C02H), 
obtained by the reduction of phthalophenone (see below), crys- 
tallizes in colourless needles melting at 162'^ and yields tri- 
phenyl-methane by the elimination of carbon dioxide. 

Triphenyl-carbinol-o-carboxylic acid, 0H*C(06H5)2(CeH4* 
COgH). The anhydride of this acid, phtiialophenone, obtained 
by heating phthalyl chloride with benzene and aluminium 
chloride, forms plates, melting at 115°. The acid itself is in- 
capable of existence, but its salts are obtained by dissolving 
the anhydride in alkalis. Phthalophenone is on the one hand 
a triphenyl-methane derivative and on the other a derivative 
of phthalic acid ; in accordance with the constitutional formula : 

/C(C8H5)2v 

C.H/ >0, - C( 

pCeH^-CO; 

f 6 

it is to be regarded as diphenyl-phthalide (Phthalide, Chap. 
XXVI, A4). 

The hydroxy- and amino-derivatives of phthalophenone are 
important dyes. The hydroxy compounds are prepared by the 
action of phenols upon phthalic anhydride, and are termed 
Phthaletns, Phenol and resorcinol, for example, yield the com- 
pounds: 

I. 


Fluoretcein 


C.H.. 




CO 


O and {:^;h;(OH)/“® 
|\C.H.C0; 


PhenoPphthaldn 



PH enol-phthaleJn 


s 

>0 

o. 


m 


II. COa C,ir,-C/ and 


CO,C.H.C< 


/C,H, 
\n 11 


Free phenolphthalein, which is colourless, has the lactone 
structure I. The acid solutions are also colourless, whereas 
the dialkali salts are intensely coloured, and the divalent anion 
undoubtedly has the quinonoid structure II. Phenolphthalein 
is used as an indicator in acidiinetry, the change in colour 
occurring at 7 ?,, 8-4. 

A large excess of alkali transforms the coloured salts into 
colourless ones, probably C 02 Na*CgH 4 *C( 0 n)(CeIl 4 * 0 Na) 2 . 

Sulphonephthaleins are analogous derivatives of the o-sul- 
phonic acid, e.g. 


C.H4< 


SO, 


which is used as an indicator. The bivalent ion formed at j?h 
7*9 is deep red. 

In the case of fluorescein a molecule of water is split o5 
from two hydroxyls of the two resorcinol residues. Phthaleins 
as hydroxy-phthalophenones are converted by reduction into 
the hydroxy-derivatives of triphenyl-methane-carboxylic acid, 
which are termed PhtJuilines ; e.g. phenolphthalein into 
dihydroxy-triphenyl-methane-carboxylic acid (i.e. phenol- 

phthaline), CHf . The phthalines are colourless, 

and are to be looked upon as leuco-compounds of the 
phthaleins. The phthaleins include many dyes which are of 
technical value, e.g. the eosins (Caro, Baeyer, 1871). 

Phenol-phthalein is prepared by heating phthalic anhydride 
with phenol and sulphuric acid, or better, stannic chloride (or 
oxalic acid), to 115^-120®, It may also be obtained by nitrating 
diphenyl-phthalide, reducing the two substituting nitro-groups, 
and replacing the amino-groups thus formed by hydroxyl in 
the usual manner. It crystallizes from alcohol in colourless 
crusts; is nearly insoluble in water, but dissolves in dilute 
alkalis with a beautiful red colour which vanishes again on 
neutralization with acids; it is thus a valuable indicator. 
With very concentrated alkalis phenol-phthalein yields colour- 
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less solutions (cf. p. 563). A colourless and a red ethyl derivative 
are known corresponding with the lactone and quinone struc- 
tures. The p-positions of the two hydroxy-groups have been 
proved by conversion into |?-dihydroxy-benzophenone. It 
yields a di-acetyl derivative melting at 143® and an oxime 
melting at 212®. It is reduced by potash and zinc dust to 
phenol-phthalme (colourless needles), which dissolves in 
alkali to a colourless solution, but is readily reoxidized in tliis 
solution to phenol-phthalein. When treated with magnesium 
methyl iodide it does not show the presence of active hydrogen 
atoms, whereas fluorescein contains two active hydrogen 
atoms (G., 1912, 42, ii, 204). 

Fluorane, CgoHigOg, is formed as a by-product in the phenol- 
phthalein melt, and is the mother substance of fluorescein, 
and like pyrone can give rise to oxonium salts. The whole 
group of dyes is often known as the Pyronine group. 


Fluorano, 



Fluorescein, Dihydroxy-jlnorane or resorcinohphthaleln, 
C 20 H 12 O 5 HgO, IS prepared by heating phthalic anhydride 
and resorcinol at 200®. It forms a dark-red crystalline powder, 
and dissolves in alcohol with a yellow-red colour, and in 
alkalis with a red colour and splendid green fluorescence. 
It is reducible to the phthaline “ Fluorescin and with 
bromine yields red crystals of tetra])romo-fluorevScein, the 
potassium salt of which, C 2 oH 5 Br 405 K 2 , is the magnificent 
dye eosin. Fluorescing dyes are likewise formed in an analo- 
gous manner from all the derivatives of 1 : 3-dihydroxy- 
benzene, in which position 5 is unoccupied, and the reaction 
is often made use of on the one hand for testing for w-dihy- 
droxy-derivatives, and on the other for phthalic anhydride 
or succinic anhydride. 

Instead of phthalic acid itself, chlorinated or brominated, 
&c., phthalic acids may be employed, so that, by gradually 
increasing the amount of halogen present, a whole series of 
yellow-red to violet-red eosins can be prepared, e.g. tetrabromo- 
di-iodo-eosin; these are known under the names of Erythrosin, 
Rose de Bengale, Phloxin, &c. It is worthy of note that many 
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other dibasic acids (e.g. succinic) and also benzoic acid are 
capable of yielding fluorescing compounds. Gallein, C20H12O7, 
is the dye obtained from pyrogallol and phthalic anhydride. 

The rhodamines are dyes closely allied to fluorescein. They 
are obtained by the condensation of phthalic anhydride and 
p-alkylated-amino-phenols in presence of sulphuric acid. They 
contain the pyrone ring, and may be regarded as fluorescein 
in which the two hydroxyl groups have been replaced by 
tertiary amino-groups. Tetra-ethyl rhodamiue (I), 

.NKt, 

(I) cA\M3(NEt,)/^' (II) C0,H-CcH,-0( >001 

! M'eH, C0-0 

1 

is colourless, and has basic properties. The salts, e.g. chloride, 
Rhodamine B, are red dyes, and probably possess either a 
quinonoid or oxonium (II) structure (Chap. LIX, E.). 


Tetraphenyl-metbane, 0(0^115)4. — Triphenyl-bromo-methane 
and phenyl-hydrazine yield CPha’NH-NHPh, triphenylme- 
thane-hydrazobenzene, which gives the corresponding azo- 
compound when oxidized, CPhj-NtNPh, and when this is 
heated nitrogen is evolved and tetraphenyh methane is formed. 
It is more readily prepared by the action of magnesium phenyl 
bromide on triphenyl-chloro-methane (B., 1906, 1462), and 
forms colourless crystals, melting at 282°. 

j;-Tetraphenylethane, CHPhg-CHPha, is readily vsynthesized 
by the action of benzenediazonium sulphate on copper acetylide, 
4N;NPhS04H 4- 2CuC:CCu CHTha’CHPh^ + 4CUSO4; 
diphenyl is formed as a by-product {J. russ., 1916, 48, 253). 


XXXI. COMPOUNDS WITH CONDENSED BENZENE 
NUCLEI. NAPHTHALENE GROUP 

The higher fractions of coal-tar contain hydrocarbons of 
high molecular weight, especially naphthalene, CioHg, an- 
thracene, C14H10, and its isomeride phenanthrene. The first- 
named is found in the fraction between 180°-200°, and the 
two latter in that between 
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These compounds are of more complex composition than 
benzene, the molecule of naphthalene differing from that of 
the latter by C4H2, and those of anthracene and phenanthrenc 
from that of naphthalene by the same increment. They 
closely resemble benzene as regards behaviour, and give rise 
to types of derivatives similar to those of benzene itself. 

They undoubtedly contain benzene nuclei^ as anthracene 
yields benzoic acid upon oxidation, naphthalene phthalic acid, 
and phenanthrenc diphenic acid. 


A. Naphthalene 

Naphthalene, discovered by Garden in 1820, is con- 

tained in coal-tar and crystallizes from the fraction boiling at 
180^-200'^. The crystals are pressed to remove oily impurities, 
and are further purified by treatment with small amounts of 
concentrated sulphuric acid and subsequent sublimation. 

It is also formed when various carbon compounds are sub- 
jected to a red heat; thus, together with benzene, styrene, &c., 
by passing the vapours of methane, ethylene, acetylene, 
alcohol, acetic acid, &c., through red-hot tubes. Naphthalene 
derivatives are formed when many sesquiterpenes (Chap. 
LVII, F.) are heated with sulphur. The constitutional formula 
is largely based on the following syntheses: 

1. By the action of o-xylylene bromide upon the sodium 
compound of the symmetrical ethane-tetracarboxylic ester, 
ethyl tetrahydronaphthalene-tetracarbozylate is formed: 

/CH,Br NaC(CO,Et), .CH,C(CO,Et), 

C.hZ + 1 - C,h/ I + 2NaBr; 

N^HjBr NaC(CO,Et), \CH,C(CO,Et), 

and from this, naphthalene may be obtained by hydrolysis, 
the elimination of the carboxyl groups and subsequent dehy- 
drogenation {Baeyer and Perkiny B., 1884, 448). 

2. a-Naphthol, is produced by the elimination 

of water from y-phenyl-isocrotonic acid {Fittig and Erdmann y 
cf. p. 567), and yiel^ naphthalene when heated with zinc 
dust. 

3. J. F. Thorpe (P., 1905, 21, 305) has succeeded in syn- 
thesizing a number of naphthalene derivatives by means of 
ethyl Bodio-cyano-acetate, e.g. ethyl 1 : 3-diamino-naphtha- 
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leue“2'Car})oxyIate from ethyl sodio-cyano-acetatc and benzyl 
cyanide. 

CeHs-CHjjCN + COaEtCH.CN 

C«H6 CH2 C{ : NH) CH(COaEt)CN, 

and this with sulphuric acid yields the bicyclic compound I, 
which is immediately transformed into the diamino-deriva- 
tive II. TI 



The same compound may be synthesized from ethyl sodio- 
cyano-acetate by the following stages (J. C. S., 1907, 578). 
Condensed with o-toluoyl chloride, CH3*Cen4*CO*Cl, it yields 
ethyl cyano-o-toluy 1-acetate, CH3*C6H4*C0*CII(CN)C02Et, and 
this when heated with ammonium acetate gives the corre- 
sponding imino-derivative, CH3*CgH4-C( : NH)-CH(CN)C02Et, 
ethyl ^-imino-a-cyano-jS-o-tolyl -propionate, which reacts with 
acids giving compound I. 

1 : 4-Naphthalene-diaraine8 have been prepared by similar 
methods, using derivatives of phenyl-butyric acid (J. C. S., 
1907, 1004). 

Constitution , — That naphthalene contains a benzene nucleus, 
in which two hydrogen atoms occupying the ortho-position 
are replaced by the group (C4H4)*', follows not only from its 
oxidation to phthalic acid, but also from its formation from 
o-xylylene bromide. And that the four carbon atoms of this 
group are linked to one another without branching is shown 
by the formation of a-naphthol. 



OH a-Naphihoi 


y-Phcnyl'iso-crotonic acid 


That there are actually two so-called “ condensed benzene 
nuclei present in the naphthalene molecule is a conclusion 
drawn from experiments of the following type: 
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a-Nitro-naphthalene (p. 571) on oxidation yields nitro- 
phthalic acid, CgH 3 (N 02 )(C 02 H) 2 ; consequently the benzene 
ring to which the nitro-group is linked remains intact. But, 
on reducing the nitro-naphthalene to amino -naphthalene and 
oxidizing the latter, no amino-phthalic acid nor any oxidation 
product of it is obtained, but phthalic acid itself, a proof that 
this time the benzene nucleus to which the amino-group is 
attached has been destroyed, and that the other has remained 
intact {Gtaebe, 1880; cf, also A., 149, 20). 

Naphthalene therefore receives the constitutional formula I 
{Erlentneyer, 1866). There is the same diiliculty in deciding 
between the double bond formula and the centric formula II 
(Bamberger) as in the case of benzene ; and probably formula III 
suggested hy Harries (A., 1905, 343, 311), is most in harmony 
with the behaviour of naphthalene on oxidation and reduction, 
and involves less strain in the ring, but the physical and chemi- 
cal properties do not lead to any definite conclusion (cf. C. 
and I., 1933, 161; J. A. C, S., 1935, 1459). 


H H H H 



The above constitutional formula is in complete harmony 
with the number of isomeric forms in which naphthalene 
derivatives occur, and also with the formation of additive 
compounds with hydrogen or chlorine. 

This union of two benzene nuclei is accompanied by a 
modification of their properties, so that naphthalene and its 
derivatives differ characteristically from benzene in many 
respects. Such differences show themselves, for instance, 
between the naphthylamines and aniline, the naphthols and 
phenol; and also especially in the greater readiness with 
which the naphthalene derivatives are reduced, the latter 
taking up as many as four atoms of hydrogen easily. 

After such addition the reduced nucleus is found to have 
entirely lost the characteristics of a benzene nucleus, and to 
have become similar in properties to an alphyl radical, whereas 
the non-reduced nucleus assumes the character of a benzene 
nucleus in its entirety (Bamberger). (See the Tetrahydro-deriva- 
tives of the Naphthylamines and Naphthols, pp. 572 and 674.) 
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Properties. — Naphthalene crystallizes in glistening plates, is 
insoluble in water, sparingly soluble in cold alcohol and ligroin, 
but dissolves readily in hot alcohol and ether; it melts at 80'’ 
and boils at 218°. Its heat of combustion is 8614 gm. cal. 
It has a characteristic tarry smell, and is distinguished by the 
ease with which it sublimes and volatilizes with steam. 

With picric acid it yields an additive compound, C,oH 

8 » 

0 H*CgH 2 (N 02 ) 3 , crystallizing in yellow needles and melting 
at 149°. It readily yields di- and tetrahydronaphthalenes, 
CjqHiq and C 10 H 12 ; both of these are liquids of pungent odour 
wliich regenerate naphthalene again when heated. By cata- 
lytic hydrogenation, the second benzene nucleus can also be 
made to take up hydrogen, a decahydronaphthalene, decalin, 
CioHjg, is formed. This compound is manufactured on a large 
scale and is used as a turpentine substitute in the paint in- 
dustry. For stereochemistry of decalin and its derivatives see 
Chap. L, A7. It also yields additive products with chlorine 
more readily than benzene does, e.g. naphthalene dichloride, 
C10H8CI2, and •tetrachloride, CJ0H8CI4 (m.-pt. 182°); the latter 
is oxidized to phthalic acid more easily than naphthalene 
itself, hence that acid is sometimes prepared from it on the 
large scale. 

Naphthalene is principally used for the preparation of 
phthalic acid (for eosin, indigo, &c.), and of naphthylamines 
and naphthols (for azo-dyes); also for the carburation of 
illuminating gas. It is a powerful antiseptic also, and is used 
therapeutically, and for moth balls and as soil fumigant. 


B. Naphthalene Derivatives 

The number of substitution products in the case of naph- 
thalene is greater than with benzene, and on the whole they 
are formed more readily. 

The mono-derivatives invariably exist in two isomeric forms, 
the a- and ^-compounds, e.g.: C^qH^CI (a- and )3“chloro-naph- 
thalene). C^qH^NIIj (a- and ^-naphthylamine). 

(a- and j8-naphthol). CioH 7 CHa (a- and j3-methyl-naphthalene). 

The existence of two series of mono-derivatives has not only 
been established empirically, but it has also been proved (in 
a manner similar to that given on p. 386 et seq. for benzene) 
that in the naphthalene molecule two sets cl hydrogen atoms 



670 


XXXI. NAPHTHALENE GROUP 


(the a and jS, a == 1, 4, 5, 8; jS == 2, 3, 6, 7) have an equal 
value as regards one another, but the atoms of the one set 
differ from those of the other, so that the a- and the j3-posi- 
tions occur severally four times, i.e. twice in each benzene 
nucleus (Aiterherg). 

The above constitutional formula for naphthalene satisfies 
these conditions, since, according to it, the positions 1, 4, 5, 
and 8 are severally equal and also the positions 2, 3, 6, and 7, 
but not the positions 1 and 2. The conception that in the 
a-compounds the position 1, 4, 5, or 8 is occupied is due to 
Liebermami (A., 183, 225), Reverdin and Noelting (B., 1880, 
36), and Fittig and Erdmann (cf. the formation of a-naphthol 
given above). 

With regard to the di-derivativcs of naphthalene, a consider- 
able number of isomerides of many are known; according to 
the naphthalene formula, ten are theoretically possible in 
each case when the two substituents are the same, and four- 
teen when they are different. The ten possible isomerides are 
1 : 2, 1 : 3, 1 : 4, 1 : 5 1 : 6, 1 : 7, 1 : 8, 2 : 3, 2 : 6, and 2 : 7. 
All other combinations are identical with one of these ten. 
According to Armstrong and Wynne ten dichloro- and fourteen 
trichloro-naphthalenes are actually known (cf. C. and I., 
1934, 686). 

The position 1 : 8 is termed the peri- position; it re 
sembles the ortho-po.sition to some extent, e.g. pm-naphtha- 
lene-dicarboxylic acid like an o-dicarboxylic acid yields an 
anhydride. 

The bomologues of naphthalene are of comparatively small 
importance, and are usually prepared by Fittig's or by Friedel 
and Crafts' synthesis, but the latter reaction does not proceed 
at all smoothly. Most of them are liquids, and on oxidation 
yield acids resembling benzoic acid. 

l-Chloro-naphthalene is obtained in 85 per cent yield by 
chlorinating in cold benzene suspension with an iron catalyst 
and octachloronaphthalene is formed by prolonged chlorination 
in presence of iron and has m.-pt. 198°. 

I'Bromo-naphthalene, prepared by brominating naph- 
thalene, is partially converted into the 2-compound when 
heated with aluminium chloride. Its bromine atom is some- 
what more readily exchangeable than that of brorao-benzene, 
but cannot be eliminated by boiling with alkalis. Interesting 
methods of formation of the chloro-derivatives are by heating 
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the hydroxy-, nitro-, or sulphoaic acid derivatives with phos- 
phorus peiitachloride. 

l-Nitro«naphthalene, C^oH7*N02 {Laurent y 1835), is formed 
by the direct nitration of naphthalene. It crystallizes in 
yellow prisms, melts at 50*5°, boils without decomposition, and 
readily yields 1 : 5 and 1 : 8 di- and various tri- and tetra-nitro- 
naphthalenes upon further nitration. On reduction it is con- 
verted into a-naphthylamine. When subjected to catalytic 
oxidation with air in j>resence of vanadic oxide it yields 
phthaliniide and phthalic anhydride. The position of the 
nitro-group has been established by conversion of the com- 
pound into a-naphthol. 

The isomeric jS- or 2-nitro-naphthalene can be obtained in- 
directly by diazotizing naphthyl a mine, and acting on the 
j>roduot with sodium nitrite in presence of cuprous oxide (B., 
1887, 1494; 1903, 4157); it crystallizes in bright yellow 
needles melting at 79*^. 

a-Naphthylamine, CioH^-NHg {Zinin), forms colourless 
needles or prisms, melts at 49^^, boils at 3(Kb\ and is readily 
soluble in alcohol. It can be obtained by reducing the 1 -nitro- 
compound, and also readily by heating a-naphthol with the 
double compound of calcium chloride and ammonia, while 
aniline can only be prepared from phenol in a similar manner 
with difficulty: CioH/OH + NH., - + H^O. 

It possesses a disagreeable fsecal-like odour, sublimes readily, 
and turns brown in the air. Certain oxidizing agents, such as 
ferric chloride, produce a blue precipitate with solutions of its 
salts, wdiile others give rise to a red oxidation product ; chromic 
anhydride oxidizes it to a-naphthaquinono. In other respects 
it resembles aniline. Its hydrochloride is only sparingly soluble 
in water. 

jB-Naphtbylamine, Ci(,H 7 *NH 2 {Liebermanriy 1876), is now 
generally prepared by passing /3-naphthol vapour and am- 
monia over alumina at or by the action of am- 

monium hydroxide and sulphite on )3-naphthol. Naphthyl 
ammonium sulphite is formed as an intermediate product and 
reacts with the ammonia, yielding naphthylamine and am- 
monium sulphite. This reaction is frequently used for trans- 
forming derivatives of a- and )8-naphthol into corresponding 
amino-compounds. The reaction is reversible and can be used 
for replacing NHj by OH. 

)8-Naphthylamine crystallizes in nacreous plates, melts at 
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112°, boils at 294°, and has no odour. It is iiion? stable than 
a-naphthylaniine, and is not coloured by oxidizing agents. 

Both of these naphthyl amines can be converted into tctra- 
hydro-compounds by the action of sodium and amyl alcohol 
(i.e. nascent hydrogen). The tetrahydro-a-naphthylamine 
resembles its mother substance closely in most of its pro- 
perties, e.g. it can be diazotized and has entirely assumed 
the character of aniline; the hydrogen atoms hav(‘. entered the 
nucleus which does not contain the amino-group. It is termed 
aromatic or “ ar ”-tetrahydro-a-naphthylaniine (Formula I), 
Tetrahydro-^-naphthylamine, on the other hand, is not diazo- 
tized by nitrous acid, but transformed into a very stable 
nitrite. Here it is the benzene nucleus containing the 
amino-group which has become reduced; the compound has 
assumed the properties of an amine of the fatty series, and 
is termed alicycUc or “ ac ’’-tetrahydro-j8-naphtliylainine 
(Formula II). The a-compound is oxidizable to adipic acid 
(p. 264), and the ^-compound to o-hydrocirmamo-carboxylic 

acid, {Bamberger and othera, B., 1888- 

"CO2H 

1890). 


H 


H NHj 


H 


H 



v/\/ 


11 


H 

Nil, 

11 


An ac-tetrahydro-a- and an ar-tetrahydro-jS-naphthylamine 

have also been prepared. 

Both naphthylamines yield methyl- and dimethyl-naph- 
thylamines, phenyl- a- and -^-naphthylamines (which are of 
technical importance), nitro-naphthylamines, diamino-naph- 
thalenes or naphthylene-diamines, C%Hq(NH2)2) diazonium- 
oomponnds (which are in every respect analogous to the 
diazonium salts of benzene, especially in the formation of azo- 
dyes, many of which are of great technical importance), 
diazo-amino-compoimds, &c. 

The diazo - amino - naphthalene* 
which is formed by the action of nitrous acid upon a-naphthyl- 
amine, readily xmdergoes a molecular transformation (Uke the 
corresponding benzene compound) into amino-azo-naphihaleiie. 
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CioH^-NrN-CioHg’NHj. This latter compound crystallizes 
in brownish*red needles with a green metallic lustre, and can 
be diazotized, its diazo-compound yielding a-azo-naphthalene, 
CioH 7 *N:N*C|oH 7 (red to steel-blue glistening prisms), when 
boiled with alcohol. This last is not readily obtained by the 
methods which hold good for azo-benzene. 

A mixture of naphthalene a- and jS-sulphonic acids, C,oH,- 
SOa’OH, is obtained by warming naphthalene to 80° with con- 
centrated sulj)huric acid. They may be separated by aid of 
their calcium or barium salts, or as aniline or m-toluidine salts, 
as the jS-sulphonates are less soluble than the a-salts. The 
a- acid is transformed into the jS-acid when heated with con- 
centrated sulphuric acid, and hence the chief product obtained 
by sulphonating naphthalene at 160° is the jS-acid {Witt^ B., 
1915, 743). At 40° the product contains 96 per cent of a and 
at 165° 85 per cent of ^ (J. S. C. I., 1923, 421 T). The sulphonic 
acid radicals in these compounds may be more readily re- 
T)laced by hydroxyl or cyanogen than in the benzene series 
(B., 1914, 3160). 

Naphthalene-isulphonic acids, Ci(,H6(803lI)2. — With acid 
containing a little SO3 the product at 40° contains 75 per 
cent of the 1 : 5- and 25 per cent of the 1 : 6-di8ulphonic acid 
at 40°-130° the product is a mixture of 1 : 6- and 2 : 7-disul- 
phonic acid; at 140° the 2 : 6-acid makes its appearance, and 
at 180° 30 per cent of the product is the 2 : 6-acid. 

Naphthylamine - mono - sulphonic adds, NHg CioHg-SOa- 
OH. — Thirteen isomers of these are known (7 a- and 6 )8-). 
Naphthionic acid (NHg'.SOjH = 1 : 4) is obtained by the 
sulphonation of a-naphthylamine ; it is employed in the pre- 
paration of azo-dyes, as are also several of its isomers and 
various naphthylamine-disulphonic acids. These last are 
obtained (a) directly from a- or )3-naphthylamine {Green and 
VaJdl, J. C. S., 1918, 35), or (6) by nitrating the naphthalene- 
sulphonic acids and then reducing to the amine. 

a- and /3-Naphthols, CiqH^-OH, which are present in coal-tar, 
can be easily prepared, not only from the naphthalene-sulphonic 
acids as above, but also by diazotizing the naphthylamines. 
They crystallize in glistening plates, have a phenolic odour, 
and dissolve readily in alcohol and ether but only sparingly 
in hot water. a-Naphthol {GriesSf 1866) melts at 96° and 
boils at 288°, while jS-naphthol (Schaffer ^ 1869) melts at 122° 
and boils at 295°; both are readily volatile at ordinary 
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temperatures. They possess a phenolic character, but never- 
theless resemble the alcohols of the benzene series more than 
the phenols, their hydroxy-groups being much more reactive 
than those of the latter, e.g. they can be readily replaced by 
amino-groups (see above). jS-Naphthol is an antiseptic. 

ar-Tetrahydro-a-naphthol, CioH7*H4 (OH), obtained by re- 
ducing a-naphthol, has the character of a pure phenol, and 
not that of a-naphthol. A mixture of ar- and ao-tetraliydro- 
^-naphthols is obtained from ^-naphthol, the ar-compound 
corresponds with phenol and the ac-compound with alcohol. 

Ferric chloride oxidizes a- and ^-naphthols, with production 
of violet and greenish colorations respectively, to di-naphthols, 
C2 oHi 2(OH)2, which are derivatives of di -naphthyls (p. 576). 
The cautious oxidation of a-naphthol yields o-cinnamo-car- 
boxylic acid, C02H-CgH4-ClI : CH-COgH, and that of ^-naph- 
thol, o-carboxy-phenyl-glyoxylic acid, CO2H*0<,H4*CO*CO2bl. 

The naphthols yield alkyl and acyl derivatives. The ethers 
are formed by the action of an alcohol and hydrogen chloride 
on the naphthols, and in this respect the naphthols resemble 
acids. /9-Naphtliyl-metliyl-ether, Ci0H7*O*CH3, and the corre- 
sponding ethyl and butyl ethers are the ncrolms used as 
orange and strawberry odours in the perfumery industry. 

From the naphthols, as from the phenols, there are derived 
aitro-, dinitro-, trinitro-, and amino-compounds, &c. The 
calcium salt of dinitro-a-naphthol, CiqH 5(N02)2*OH, is known 
as Martins' yellow or naphthalene yellow, and its sulphonic 
acid, naphthol yellow S oi fast yellow, is a valuable dye. 

Amino-naphthols, CioHe(NH2)(OH), are obtained by the 
reduction of nitro-naphthols ; like the amino-phenols they are 
readily oxidized in the air. (NHgiOH in the a-compound 
— 1 : 4, in the /9-compound =1:2.) 

A number of naphthol-mono-, di-, &c., sulphonic adds are 
known, also amino-naphthol-sulphonic acids, which are of great 
technical value. Among these may be mentioned 1 : 4-naph- 
thol-sulphonic acid {Nevile and Winther), from naphthionic 
acid, the 2 : 8-acid, the 2 : 6-acid, the /S-naphthol-disulphonic 
acids R (2 : 3 : 6) or ‘‘ R-salt ”, and G (2 : 6 : 8) or G-salt 
l-Amino-8-naphthol-3 : G-disulphonic acid = H acid. 

Sodium l-amino-2-naphthol-6-8ulphonate is used as a photo- 
graphic developer under the name of Eikonogen. 

Azo-dyes. — A series of very important azo-dyes (see also 
under Benzidine, p. 543) is produced by the action of dia- 
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zoniiim compounds, and of diazo-naphthalene-sulphonic acids 
upon the naphthylainines and naphthols, and especially upon 
the sulphonic acids of these mentioned above. Some of the 
more important of these are described in Chap. LIX, B. 

Quinones of the Naphthalene Series. — Three isomeric quin- 
ones, are known; two correspond with para- and 

ortho-benzoquinones. 

a-Naphthaquinone may be obtained by the oxidation of 
na})hthalene, a-naphthylaniine, 1-amino-i-naphthol, 1 : 4-di- 
hydroxy-naphthalene, and of various derivatives of nay)htha- 
lene containing substituents in the a-positions, with chromic 
acid. It crystallizes in yellow rhombic plates, melts at 125°, 
and is the complete analogue of ordinary quinone, having a 
similar odour and being volatile with steam. It can be re- 
duced to 1 : 4-dihydroxy-naj)hthalene by sulphurous acid, 
and can yield a dioxime, hence its constitution as a para- 
or 1 : 4-quinone (Formula I). 

jS-Naphthaquinone (II) has no odour and is not volatile, 
being thus more like phenanthraquinone. It can be obtained 
by the oxidation of l-amino-2-naphthol, and when reduced 
with sulphurous acid yields 1 : 2-dihydroxy-naphthalene; 
hence its constitution as a 1 : 2 or orthoquinone. It decom- 
poses at 115° without melting and crystallizes in red needles: 


CO 



2 : 6-Naphthaquinone (III), isomeric with the a- and 
compounds, forms odourless, non-volatile, yellowish-red 
prisms, and is a strong oxidizing agent. 

Hydroxy-naphthaquinones are known; the common one is 
2-hydroxy-a-naphthaquinone; juglone is the isomeric 5-hy- 
droxy-compound, and occurs in nut shells; naphthazariue, 
5 : 8-dihydroxy-a-naphthaquinone, “ alizarin black is a 
valuable dye which is prepared by acting upon a-dinitro- 
naphthalene with zinc and sulphuric acid, comports itself like 
the alizarin dyes; it is the “alizarin” of the naphthalene 
series. Its structure follows from its synthesis from the con- 
densation of quinol and maleic anhydride and subsequent 
elimination of 
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Naphthyl analogues of pheiiolphthalom and fluorescein are 
known. By the action of phthalic anliydride on 1 : G-dihy- 
droxy-naphthalene, a colourless lactone, I, and a red quinonoid 
form of 3 : 11-dihydroxy-naphthafluoran, II, are formed: 


I o 
(ioCeii. 


/OH 


II OOOH-Col^ Cv 


OinlLi 


(0. Fischer and Kmiig, B., 1914, 1076). 

Carbo^lic Acids. — The naphthoic acids, CioH^ COaH, can 
be obtained by saponifying the cyano-naphthalenes and also 
by the other synthetical methods given for the acids of the 
benzoic series. They crystallize in fine needles sparingly 
soluble in hot water, and break up into naphthalene and carbon 
dioxide when distilled with lime. From them are derived the 
hydroxy-naphthoic acids, CioHg(OH)(C02H), which are related 
to salicylic acid or its isomers. 2-Hydroxy *3-naphthoic acid, 
like salicylic acid, is an important intermediate in the 
dye industry. Among the naphthalene-dicarboxylic acids, 
CioHg(C 02 H) 2 , which are known may be mentioned naphthalic 
acid, (1:8), which at a somewhat high temperature yields an 
anhydride similar to phthalic anhydride. 

Phenyl-naphthalene, has also been prepared; 

it is a compound built up of a naphthalene and of a benzene 
nucleus, and is therefore analogous to diphenyl, 

The same applies to: 

Di-naphthyl, CxoH,-C jqHj, which yields derivatives (e.g. the 
di-naphthols, see p. 574) analogous to those of diphenyl. The 
three modifications which are theoretically possible, namely 
the a-a-, and a-jS-compounds, are known. 

Another derivative of naphthalene is acenaphthene, 

/CH, 

^ I (1 : 8), which is found in coal-tar. It crystal- 


lizes in coloiulesa prisms, melts at 95°, boils at 277°, and yields 
naj)]ithalic acid on oxidation. When passed through a red- 


/CH 

hot tube it yields acenaphthylene, || , yellow crystals, 
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m.-pt. 93°, and when oxidized gives aceuaphthaquinone, 
/CO 

The fusion of a second ring with a benzene ring can take 
place in one way only and the product is a naphthalene 
derivative, e.g. C 8 lT 5 *(CH 2 ) 3 -COCl can give only the keto form 
of tetrahydronaphthalene : 



When, however, a third ring condenses with a naphthalene ring 
the fusion can take place theoretically in two different ways: 



The former is termed linear and the latter angular conden- 
sation, and the products are respectively anthracene and 
phenanthrene derivatives. The occurrence of so many natural 
complex phenanthrene derivatives, e.g. resin acids, steroids, 
heart poisons, &c., indicates that nature favours the angular 
condensation. 

In laboratory operations this angular condensation is fre- 
quently, but not universally, met with. Thus j3-naphthylamine 
when subjected to the Skraup condensation gives an angular 
product, and similarly the acid chloride j3-CioH7-(CH2)3*COCi 
yields a phenanthrene derivative. This fact has been used as 
an argument in favour of the symmetrical structure I (p. 568) 
for naphthalene rather than the unsymmetrical structure, as 
condensation usually takes place on to two C atoms united 
by an olefine bond (cf. Paulingy J. Chem. Phys., 1933, 365; 
WaUemanUy B., 1931, 1713; MiUsy J. C. S., 1930, 2510). 


( B 480 ) 


30 



678 


XXXIl. ANTHRACENE AND PHENANTHRENB 


XXXIl. THE ANTHRACENE AND PHENAN- 
THRENE GROUPS 


A. Anthracene 


Anthracene, C 14 H 10 (Dumas and Laurent, 1832; Fritzsche, 
1857), is formed, together with benzene and naphthalene, by 
the destructive distillation of coal and, generally, by the 
pyrogenous reactions which give rise to these products, e.g. 
by passing CH4, C2H4, C 2 H 2 , the vapour of alcohol, &c., 
through red-hot tubes. 

Although coal-tar contains only some"0*25“0*45 per cent of 
anthracene, it is the chief source from which this hydrocarbon 
is obtained. The fraction of coal-tar distilling above 270® and 
known as anthracene oil yields, on further distillation and 
digesting with solvent naphtha, a solid mass known as 50- 
per-cent anthracene, which is then distilled with one-third of 
its weight of potassium hydroxide. This serves to remove 
carbazole (p. 543), which pelds a non-volatile potassium de- 


rivative I yNK, and the distillate consists of anthracene 

and phenanthrene. The phenanthrene is removed by extrac- 
tion with carbon disulphide, and the anthracene crystallized 
from benzene. Heterocyclic compounds, e.g. carbazole, can 
also be removed by preferential oxidation of the vapours in 
presence of suitable catalysts. 

The following are some of the more important methods by 
means of which the hydrocarbon has been synthesized, and 
they throw considerable light upon its constitution: 

1. By heating o-tolyl phenyl ketone with zinc dust (Elhs,, 
1874), or passing over activated charcoal (1925): 





+ H,0. 


2. Together with dibenzyl, by heating benzyl chloride with 
water at 200® (1874): 

4C,H3 CH,C1 - + 4Ha. 

3. From o-bromo-benzyl bromide and sodium in ethereal 
solution, dihydro-anthracene is at first formed, and this is 
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converted by oxidation (which is partly spontaneous during 
the above reaction) into anthracene (B., 1879, 1965): 


CJh 


Br 


/CH,. 

+ 4Na « + 4NaBr; 

CeU/""* >C.H4 - H, - 


Cn,Br Jir 

CH,, 


4. By heating benzene with symmetrical tetrabromo-ethane 
and aluminium chloride {Anschutz^ B., 1883, 623): 

BrCHBr /CHv 

-f : + - C,h/ I >C.H, + 4HBr. 

BK^HBr X7H/ 


5. When phthalic anhydride is heated with benzene and 
aluminium chloride, o-benzoyl-benzoic acid is formed, and this 
when heated with phosphoric anhydride yields anthraquinone 
(Behr and v. Dorp), which on reduction with zinc dust gives 
anthracene: 


O /C0C,Hs /CO\ 

/CO. /CH. 

CeH/ 4- 6H » C^HZ | >C«H, + 2H,0. 


6, A mixture of m-xylene and styrene, treated with con- 
centrated sulphuric acid, yields a-tolyl-p-phenyl'propane, 

/C«H. 

CH 3 *C^H 4 *CH 3 *CH<f , which decomposes almost quanti- 

CHg 

tatively into methane, hydrogen, and methyl-anthracene 
when strongly heated (B., 1890, 3272). 

7. An interesting synthesis from naphthalene is the following : 

Naphthalene -> /J-sulphonio acid -> j5-nitrile -v )5-carboxylio acid 
A*-dihydro-naphthalen©-2-carboxylic acid. 

The ethyl ester of this condenses with ethyl aceto-acetate, giving 

CHCOjEt 
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which on hydrolysis, elimination of COg, and distillation with 
zinc dust gives anthracene (J. A. C. S., 1921, 898), 

Constitution . — From mode of formation 5, the anthracene 
molecule is seen to contain two benzene nuclei, C 0 H 4 , joined 
together by a middle group, CgHg. The carbon atoms of this 
middle group are likewise linked together, as is seen from 
mode of formation 4, and take up the o-position with regard 
to each other on one or other of the benzene nuclei (on one 
nucleus according to methods of formation 1 and 5, and on 
the other according to method 3; for further proofs of this 
see, e.g., v. Pechmann, B., 1879, 2124). The structure of am 
thracene is thus {Graebe and Liebermann): 




*CH CH CH^ 
T \^/\r 

I- I ii t . 

‘DC CH CH* 


or II. 



The two carbon atoms of the middle group thus form a new 
hexagon-ring with the carbon atoms of the benzene nuclei to 
which they are linked, so that anthracene may also be looked 
upon as being built up by the condensation of 3 six-membered 
carbon rings. All three rings are not true benzene rings. 


The “ quinonoid formula II, C 4 H 4 


.CH 


C 0 H 4 has also to 


be taken into consideration (Armstrmig, P., 1890, 101; Kehr- 
manUy B., 1894, 3348). 

Properties and Behaviour . — Anthracene crystallizes in colour- 
less plates with a magnificent blue fluorescence. It is insoluble 
in water and dissolves only sparingly in alcohol and ether, 
but readily in hot benzene. It melts at 218°, boils at 342°, 
and with picric acid yields an additive compound which 
crystallizes in beautiful red needles melting at 138°. 

Anthracene is transformed by sunlight into the polymeric 
para-anthracene, (Ci4Hio)2’ When hydrogenated under pressure 
it yields 9 : 10-dihy^o-anthraoene, 



(see p. 579, mode of formation 3). This crystallizes in colour- 
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less plates, melts at 107°, and is readily soluble in alcohol. It 
sublimes readily and distils without decomposition, but yields 
anthracene at a red heat or when warmed with concentrated 
sulphuric acid. When further hydrogenated it forms 1 : 2 : 3 : 4- 
tetrahydroanthracene, and finally 1:2:3:4:5:6:7: S-octa- 
hydroanthracene, leaving the central ring a true benzene ring 
(alternate single and double bonds; B., 1924, 2003; 1925,2667). 


DERIVATIVES OF ANTHRACENE 


Theoretically three isomeric mono-derivativQS are possible in 
each case, viz. the a-, and y-compounds: 



a" y* a' 


since in the graphical formula given on the preceding page, 
l=4=:5x=8-a, 2-3-6 = 7-j3, and 9 = 10 - y. 
The observed facts are in complete accordance with this. 

The position of the substituting group can usually be deter- 
mined either by an examination of the oxidation products, e.g. 
if it be in the y-position it will be eliminated and anthra- 
quinone formed; or it is arrived at from the synthesis of the 
compound, e.g. in the case of alizarin, the formation of which 
from catechol and phthalic acid shows that its two hydroxyls 
are contained in one and the same benzene nucleus. 

The number of di-substituted derivatives is large, for ex- 
ample, when both substituents are alike, 15 isomerides are 
theoretically possible. 

Numerous derivatives of anthracene are known, e.g. halogen-, 
nitro-, amino-, and sulphonic acid derivatives. 

Hydroxy-anthracenes. — The a- and jS-compounds are termed 
1- and 2-anthrols; they are obtained by fusing the correspond- 
ing sulphonic acids with alkali, and in their properties closely 
resemble phenols and naphthols. 

9-Rydroxy-anthraoene or anthranol may be obtained by 
reducing anthraquinone with zinc and acetic acid, or syntheti- 
cally, by the action of concentrated sulphuric acid on o- 
benzyl-benzoio acid at 80°: 


/COOH 


.CO . .C(OH 

(I) C.H/ (U) 
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It is a typical tautomeric substance, in pyridine it has the 
hydroxy-anthracene structure II, but the solid has the ketonic 
structure I, and is readily oxidized to anthraquinone. 

Anthraauinone, 0^13.^02 {Laurent, 1834), is readily obtained 
by oxidizing anthracene with chromic acid mixture, or on the 
large scale by atmospheric oxidation at 180°-280® in presence 
of catalysts, e.g. vanadates, chromates or molybdenates of 
Ag, Pb, Ni and Co: 



Two synthetical methods of formation are : (1) From phthalic 
anhydride to o-benzoyl-benzoic acid (Chap. XXVIII), a pro- 
cess now used industrially. (2) The diene synthesis from 
a-naphthaquinone and butadiene (Chap. LI, C3) in alcoholic 
solution at 100° under pressure; the product tetrahydroanthra- 
quinone is readily oxidized by air or CrOj to anthraquinone : 

C,h/ ji + I ^ C.h/ 1 !| 

^COCH CHarCH \COCHCH3CH 

It crystallizes in yellow prisms or needles soluble in hot 
benzene, melts at 285°, sublimes with great readiness, and is 
exceedingly stable as regards oxidizing agents. Hydriodic 
acid at 150° reduces it either to anthracene or its dihydride, 
while fusion with potash converts it into benzoic acid. It 
possesses more of a ketonic than of a quinone character 
(Zincke, Fittig), as it is not reduced by sulphurous acid, and 
gives an oxime with hydroxylamine. 

Numerous substituted anthraquinones are known. Nitric 
acid attacks the 9 : 10-positions forming additive compounds. 
Anthraquinone with concentrated sulphuric acid at 260° or 
with oleum at lower temperatures yields the 2-8ulphonic acid, 
but at higher temperatures both yield the 2 : 6- -and 2:7- 
disulphonic acids. The addition of 2 per cent of mercuric salt 
to the acid or oleum leads to the formation of the 1-mono- 
and 1 : 5-di- and 1 : 8-di-sulphonio acids. 

In anthraquinone derivatives the substituents display 
marked mobility, nearly aU 1-nitroanthraquinones yield the 
I'sulphonic acids when heated with an aqueous solution of 
sodium sulphite, and thus the l-nitroanthraquinone-6 or 7- 
sulphonic yield the 1 : 6- or 1 : 7-disulphonate8. On the whole, 
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the 2 -substituted compounds are more stable than the 1 - 
isomerides. The 1 -halogenated compounds behave in the same 
manner and the l-sulphonic acid with sodium chlorate yields 
the l-chloro-compound and the 1 :5-disulphonic acid yields 
1 : 5 -dichloroanthraquinone. If a sulphonic acid is heated 
with 80 per cent sulphuric acid in the presence of mercury or 
formic acid the SOgH group is replaced by H {Fierz-David, 
Helv., 1927, 225). The SO 3 H group in position 1 or 2 is readily 
replaced by NHg or NHR on heating the acid with ammonia 
or an amine under pressure, and 2 -ammoanthraquinone, an 
intermediate for the manufacture of indanthrone (Chap. LIX, 
K 2 ), is made by this method. The SO3H, Cl or NOg groups 
are readily replaced by OEt or OPh by heating with NaOEt or 
NaOPh at 200 "^, and OH in position 1 can be replaced by NHg 
by heating with aqueous ammonia. Hydroxy-compounds are 
readily formed by heating sulphonic acids with milk of lime 
at 180°~200° under pressure and no further oxidation to di- 
hydroxy-anthraquinones occurs. 

Fusion of the sulphonic acids with potash does not generally 
yield the analogous hydroxy-compounds in theoretical quantity, 
oxygen being usually absorbed from the air at the same time; 
thus the mono-sulphonic acids yield mono- and dihydroxy-, 
and the di-sulphonic acids di- and trihydroxy-anthraquinones. 
In practical working the theoretical amount of chlorate of 
potash required is added to the “ melt Prolonged fusion 
with potash tends to form hydroxy-benzoic acids, 

Bydrozy-anthraquinoxies can also be prepared by the 
sjmthetical mode of formation 5, p. 579, viz. from phthalic 
anhydride and the mono- or dihydroxy-benzenes {Baeyer and 
Caro), e.g. phenol yields 1- and 2-hydroxjr-anthraquinones 
(yellow needles), catechol yields alizarin, qmnol yields quini- 
zarin. 

yCO 

c,h/ 

^CO 

The hydroxy-derivatives are also produced by fusing chloro- 
and bromo-anthraquinones with potash, while m-hydroxy- 
benzoio acid can be converted directly by sulphuric acid into 
anthraflavic acid, water being eliminated. 

Hydroxy-anthraquinones are also formed by the action of 
concentrated sulphuric acid or oleum under pressure and with 
a Se or Hg compound as catalyst and hy^olysing the sul- 


^0 -f C,H,(OH), - + H,0. 
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phuric acid esters so formed. As many as 6 OH groups can be 
thus introduced, viz. 1 : 2 : 4 : 5 : 6 : 8 and 1 : 2 : 4 : 5 : 7 : 8. 

The following are the various bydroxy-anthraquinones and 
the names under which they are commonly known: 

1 = Erythroanthraquinone, 1:2 = alizarin, 1:3 = xantho- 
purpurin, 1 ; 4 = quinizarin, 1:5 = anthrarufin, 1 : 8 = 
chrysazin, 2:3 = hystazarin, 2:6 = anthraflavin, 2:7 = 
isoanthradavin, 1:2:3 = anthragallol, 1:2:4 = purpurin, 
1:2:6 = flavopurpurin, 1:2:7 = anthrapurpiirin, 1:2:8 = 
hydroxy-chrysazin, 1 : 2 : 5 : 6 = rufiopin, 1 : 2 : 5 : 8 = quin- 
alizarin or alizarin bordeaux, 1 : 3 : 5 : 7 = anthrachrysin, 

1 : 2 : 4 : 5 : 8 = alizarin cyanin R, 1:2:3:5:6:7 = rufi- 
gallol, 1 : 2 : 4 : 5 : 6 : 8 = anthracene blue, 1:2:4:5:7:8 = 
alizarin hexacyanin. 

In many cases the actual commercial products are mixtures 
of several compounds. 

The common method of formation is by fusion of a sul- 
phonic acid with the necessary amount of chlorate to give one 
more OH group than the number of SO3H groups present. 
During fusion with potash rearrangement can occur, thus 
phthalic anhydride and o-dichloro benzene with AICI3 yield 

2 : 3-dichloroanthraqiiinone, but on alkali fusion this gives 
alizarin the 1 : 2-dihydroxy-compound (J. A. C. S., 1927, 473), 
and the same product is formed on fusing 2-chloro-3-hydroxy- 
anthraquinone with alkali, 

OH groups in position 2 are readily methylated by methyl 
iodide or sulphate and alkali, whereas the same group in 
position 1 is much less active, and for methylation diazo- 
methane must be used; this may be due to chelation of OH 
and CO (cf. Chap. XLVI, B. and C.), The carbonyl group is 
not so readily reduced to >CH*OH when an OH group is 
present in position 1. 

Alizarin, 1 : 2-dibydrozy-anthraqnmone, Ci4Hg04, is the most 
important constituent of the ancient beautiful red dye of the 
madder root (Rubia tinctorum), and is present as the glucoside, 
Ruberythric acid, C^H280i4; in addition to alizarin, madder 
also contains purpurin. 

It crystallizes in magnificent red prisms or needles of a glassy 
lustre, melts at 289°, and can be sublimed; it dissolves readily 
in alcohol and ether, only sparingly in hot water, but, as a 
phenol, very readily in alkalis to a violet-red solution. It 
yields insoluble coloured compounds — the so-called ^‘lakes’’ 
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— with metallic oxides (cf. Chap. XLVI, B.), the alumina and 
tin lakes being of a magnificent red colour, iron lake violet- 
black, and lime lake blue. In the Turkey Red manufacture, 
for instance, the materials to be dyed are previously mordanted 
with acetate of alumina or with ** ricinoleic-sulphuric acid 

Its constitutional formula is based on the following con- 
siderations: (a) Its conversion into anthracene when heated 
with zinc dust {Graebe and Liebermann ) ; (6) its formation by 
fusing dibromo-anthraquinone or anthraquinone-sulphonic 
acid with potash; (c) its synthesis from phthalic anhydride 
and catechol. 

All these indicate that it is a dihydroxy-anthraquinone 
with the two hydroxy-groups in the o-positions with respect 
to one another; 



The fact that two isomeric mono-nitro-derivatives (with the 
nitro-group in the same nucleus as the two hydroxy-groups) 
have been prepared is a proof of the positions 1 ; 2 for the 
hydroxy-groups. 

/C(OH) 

Anthrarobin, dihydroxy-anthranol, CeH4<' | ^6H2( OHlg, 

obtained from alizarin, ammonia, and zinc dust,*is a yellowish- 
white powder which yields alizarin on oxidation; on account 
of its reducing properties it is used in skin diseases. 

Nitric peroxide converts alizarin into jS-nitro-alizarin or ali- 
zarin orange, Ci4H7(N02)04, a yellowish-red dye ; and this with 
glycerol and sulphuric acid (the Skraup reaction, Chap. XLIV, 
A 2 ) yields alizarm blue, C17H9NO4 (see Quinoline), a valuable 
blue dye which is converted by fuming sulphuric acid into 
alizarin green. 

For other examples of alizarin dyes see Chap. LIX, K2. 

It is essential for mordant dyeing properties that two ortho 
OH groups should be present (Kostanecki)* 




( tt 480 ) 
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B. Phenanthrene 


Phenanthrene [Fittig and Ostermeyer, 1872), iBomeric with 
anthracene, is present in the anthracene oil fractions from coal- 
tar. It crystallizes in colourless, glistening plates, dissolves 
in alcohol more readily than anthracene, yielding a blue 
fluorescent solution, melts at 99®, and boils at 340®. It cannot 
be completely separated from anthracene, carbazole and 
fluorene as it forms mixed crystals with these compounds with 
melting-points higher than that of pure phenanthrene. 

It is best separated by partial oxidation and subsequent 
distillation, as anthracene is more readily oxidized. Its picrate 
crystallizes in yellow needles, m.-pt. 145°, and it forms a 
coloured compotmd with trinitrobenzene melting at 158°. 

It is usually represented by the structural formula I, as each 
ring has a benzenoid structure, whereas II and other formula? 
have one ring with a non-benzcuoid structure: 


i‘ ;ii 

i: II .! 

\i/Ny 

I 


II ! I II 

« s 

la 


/\J\J 

II 


In all polynuclear compounds the tendency is for all rings 
to assume, as far as possible, the condition of an isolated 
benzene ring {Fries y Walter and Schilling ^ A., 1936, 610 , 248). 

The formula is frequently written as in la, which is the same 
as I, 

Phenanthrene is more reactive than naphthalene, but less 
reactive than anthracene as shown both on oxidation to a 
quinone and also on reduction. It has a lower energy content 
than anthracene, e.g. 7*0 kilo cal. The double bond in position 
9 : 10 is the seat of reactivity; this linkage closely resembles 
an ordinary olefinic linkage. The dibromide is the 9 : 10 
dibromide, the quinone is an ortho-quinone with carbonyls 
in these two positions. The dibromide when heated loses 
hydrogen bromide, yielding 9-bromo-phenanthrene. The addi- 
tion of bromine is a balanced reaction and proceeds without 
the aid of a catalyst. (For kinetics of bromination see Price, 
J. A, C. 8., 1936, 1834; Chem. Rev., 1941, 137.) Five mono- 
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substituted, and twenty-six disubstituted derivatives, 

CiAX,, ar(‘. theoretically possible. As a rule substitution 
does not occur in the 4-po8ition. 

The 2- and 3-amino-compounds are obtained from 2- and 3- 
acetylplienanthrenes by conversion into oximes, Beckmann 
rearrangement to acetylaminophenanthrenes and subsequent 
hydrolysis (J. A. C. S., 1936, 857, 2097). 

When hydrogenated under pressure it yields progressively 
9 : 10-dihydro-l : 2 : 3 : 4-tetrahydro- and 1 :2:3:4:5:6:7:8 
octahydro-derivatives. The formation of the tetra- from the 
di -hydro-compound is accompanied by the shifting of double 
links and in the octa-compound the middle ring is of the 
aromatic type whereas the two end rings are completely re- 
duced (cf. Anthracene). Of the 3 compounds only the tetra- 
hydro with an intact naphthalene nucleus forms a stable 
picrate. 

The hydrocarbon is readily oxidized by chromic acid to 
phenanthraquinone I, Ci 4 Hg 02 , and finally to diphenic acid, 

COCO CO^ CO,H 

'< 5 ^> - 

diphenyl-2 : 2'-dicarboxylic acid II (Chap. XXVII). The 
quinone crystallizes in yellow needles, melts at 200°, distils 
unchanged, and is not volatile with steam. It possesses the 
characteristics of ketones reacting wdth hydroxyl-amine and 
with sodium bi-sulphite, but is reduced to the quinol, 9 : 10- 
dihydroxy phenanthrene, by sulphurous acid. It gives a 
bluish-green coloration with toluene continuing thiotolene, 
glacial acetic and sulphuric acid, and when the mixture is 
diluted and extracted with ether yields a violet coloured 
ethereal extract (Laubenheimer reaction). 


Syntheses of Phenanthrene and its 
Derivatives 

Some of these syntheses are of value in deducing the struc- 
ture of the hydrocarbon, and others are of value as indicating 
the position of the substituents in certain derivatives formed 
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by the degradation of natural products (cf. Chap. LVII, F., 
and LXII). 

1. Phenauthrene is formed by leading the vapours of 
toluene, stilbene, dibenzyl or o-ditolyl through a red-hot 
tube: 

CeH, CH3 (\;H4 Cll 

from o-ditolyl and sulphur, or, together with anthracene, from 
o-bromo-benzyl bromide and sodiiim. 

2. Phenanthraquinone (25 per cent yield) is obtained by 
heating benzil with aluminium chloride at 120° (Scholl and 
Schwarzer, B., 1922, 324). 



3. Mayer (B., 1912, 1105; 1914, 406) obtained the quinone 
by the action of alcoholic potassium cyanide on diphenyl o-o'- 
dialdehydc. Probably benzoin condensation (Chap. XXV, 
B.) occurs followed by oxidation. 


CHO CHO CO CO 



4. Alkylated phenanthraquinones are formed by the action 
of oxalyl chloride on alkylated diphenyls in the presence of 
aluminium chloride (Ztefcemann, B., 1911, 1453; 1912, 1186; 
1913, 198). 

COCO 

ch,c,h.c,H 4CH, + cicoco ca -> ^,h,ch,. 

5. 9-Hydroxy-phenanthrene is formed from diphenyl-2- 
acetic acid, CeH 5 *C<jH 4 *CH 2 *C 02 H, the ketone first formed 
yielding the tautomeric hydroxy compound (J. A. C. S., 1938, 
2947). 

6. Pschorr Synthesis (B., 1896, 496; 1900, 162, 176, 1810).— 
By condensing, an ortho nitrated benzaldehyde with sodium 
phenylacetate (Perkin Sjmthesis, p. 511), the oxygen of the 
aldehyde eliminates water with the of the methylene 
group, yielding, e.g., a-phenyl-o-nitrocinnamic acid, NOj-C^Hi* 
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CH-CH:CPh-C02H. When this is reduced, diazotized and 
treated with copper powder, phenanthrene-9-carboxylic acid 
is formed, and this on loss of carbon dioxide gives phenan- 
threne. 



The method is of very general application and various 
substituted o-nitrobenzaldehydes and substituted phenyl- 
acetic acids can be used. 

Thus with vie. o-nitrovanillin dimethyl ether, CHO'C^H^ 
( 0 Me) 2 *N 02 , and sodium phenylacetate 3 : 4-dimethoxy-phenan- 
threne-9-carboxylic acid is formed, and this on elimination 
of carbon dioxide yields the dimethyl ether of morphol, and is 
thus of aid in establishing the structure of morphine (Chap. 
LVIII, G.). 

Windaus (B., 1924, 1871, 1875) has modified the above 
synthesis by using oxindole in place of phenylacetic acid and 
certain ketones in place of substituted benzaldehydes. 

Thus with acetophenone and oxindole, 


/.O 

^Mo 

-f OjH/ >C0 CeH^ CMe I (X >NH 

\NH 

Reduced 

CeH5CHMeCH< >NH 

yCOOH 

CeHjCHMeCH/ 

XJeH4NH,(o) 

Hydrolysed 



/CHMeCH(COoH). 

Diazotized + Cu powder C,H4<^ 


the final product is 9-methyl-9 : lO-dihydrophenanthrene- 
lO-carboxylic acid. 

7. Haworth Synthesis. — Haworth and his co-workers have 
introduced a valuable general method for synthesizing phenan- 
threne derivatives. A naphthalene compound is condensed 
with succinic anhydride or a similar anhydride using alu- 
minium chloride as condensing agent. Usually a mixture of 
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I- and 2-naphthalene-y-ketouic acids is formed, and these 
can be separated. 



The ketonic groups are reduced by Clemenffen's method to CHg 
and then under the influence of 85 per cent sulj)huric acid cycli- 
zation occurs, and in both cases a 3~ring ketone is formed, viz. : 



If Bulphonation should occur instead of cyclization, then the 
acid chloride is formed and ring closure effected by means of 
aluminium chloride. 

The cyclic ketones III and IV can react with Orignard 
reagents yielding secondary alcohols, which, by the elimina- 
tion of water, yield respectively 4-alkylated-l : 2-dihydro- 
phenanthrenes and l-alkylated-3 : 4-dihydrophenanthrenes, 
which can be dehydrogenated to the corresponding alkylated- 
phenanthrenes. 

1- and 4-alky lated derivatives can also be obtained by the 
action of Grignard compounds on the esters of the ketonic 
acids I and 11. The ketonic group reacts, the alcohol loses 
water giving an unsaturated ester, and the corresponding 
acid with sulphuric acid forms a third ring; in the case of 
acid II the product is a 1-alkyl derivative of keto-dihydro- 
phenanthrene, but with I a mixture of 1- and 4-alkyl deri- 
vatives is obtained owing to migration of alkyl. 

X‘CO CH,'CH, CO,Me X CMe : CH CH, CO,Me 

C e:CH 
I 

CH,. 

The carbonyl group in the ring can then be treated with 
Grignard reagent, and thus a 1 : 4-dialkylated derivative 
obtained. 
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When methyl-succinic anhydride is used the condensation 
with the naphthalene occurs in such a manner that the car- 
bonyl which becomes attached to the aromatic ring is the one 
further removed from the methyl group, e.g. : 



and 

^OCH*CHMeCO,H 



-~COCH,CHMe*CO,H. 


Then on reduction, cyclization and treatment with Orignwrd 
reagents 1 : 2 and 3 : 4 dialkyl derivatives can be obtained. 

The method can be extended by starting with a naphtha- 
lene derivative containing an alkyl group; when this is in the 
2-position then the condensation with the anhydride takes 
place in the 2nd-ring in the 6-position. Thus from 2-methyl- 
and 2-tsopropyl-naphthalene the hydrocarbons pimanthrene 
(1 : T-dimethylphenanthrene) and retene (l-methyl-7-tso- 
propylphenanthrene) have been synthesized: 



where R = Me or -CHMej. 

A modification of HawortKs synthesis consists in condensing 
naphthalene or one of its derivatives with an acyl bromide 
{Friedd'Crafts reaction). Brominating the resulting ketone and 
condensing the bromo-derivative with ethyl sodio-malonate : 

CioH, CO CH, CH, CieH, CO CHBr CH, 
CioH7*CO*CHMe'CH(CO,Et), C,oH, CO'CHMe CHa CO,H, 


hydrolysing the ester to the mono-basic acid and bringing 
about ring closure: 


OC 


^CO 

/CHMe 

JH, 
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8. Bardhan-Sen Gupta Synthesis (J. C. S., 1932, 2520, 2798). 
— jS-phenylethyl bromide is condensed with the potassium 
derivative of ethyl cyclohexanone-2-carboxylate, alkaline 
hydrolysis gives not only the corresponding acid but eliminates 
carbon dioxide, and the resulting ketone reduced with sodium 
and moist ether gives the secondary alcohol which on heating 
with phosphorus pentoxide under reduced pressure form an 
unsaturated hydrocarbon which on ring closure gives an octa- 
hydrophenanthrene, and this on dehydrogenation gives 
phenanthrene : 


CIRCO 


CeHe-OHjCHa-Br + CUJ >CKCO,Et 


/CH,'CO V 

-ch/ >(X 


/CO*Et 


. CIX CO ^ 

CH/ NciI CH^ CH^ CeH, ; 

NJHaCH/ 

.CH*-CH(OHk 

CHj< NCHCHjCHa-CeHj 

N:h 2— OHj--/ 

xm,cn <- 

chZ > 


This method is also of general application and by using 
substituted starting materials various phenanthrene deri- 
vatives, including retene, may be obtained, and by using 
j8-l -naphthyl-ethyl bromide a hydrochrysene ester can be 
formed (4*ring system). 

9. Bogert (J. A. C. S., 1934, 185, 959; 1935, 151; J. Org., 
1936, 288) uses a somewhat similar method, viz. condensing 
^-phenylethyl magnesium bromide, CeHg-CHj-CH^-MgBr, with 
cyclohexanone giving the tertiary alcohol : 


C.H,CH,CH,C(OH 



which forms a ring under the influence of concentrated sulphuric 
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acid giving first an unaaturated hydrocarbon and then an 
octahydrophenanthrene.* 


This method ia also of very general application. Cook has 
used aluminium chloride with carbon disulphide as the ring- 
forming agent. 

10. Cook and others (J. C. S., 1936, 71) have obtained cis- 
and trans- hexahydrophenanthrenes from cis- and trans-2- 
phenyl-c^cJohexyl acetic acids: 

.CH^COOH .CHa-CO. 

(cf. Short and others, ilnd. 1937). 

Resin Acids f 

The common resin acids have been shown within recent 
years to be phenanthrene derivatives. 

Many organic compounds, certain terpenes in particular, 
possess the property of becoming resinified in contact with 
air or under the influence of chemical reagents and then re- 
semble the natural resins. These latter are amorphous vitreous 
masses, they are brittle, break with a conchoidal fracture, and 
are insoluble in water or acids but dissolve in alcohol, crther, 
terpenes, Ac. They frequently occur dissolved in terpenes in 
the form of oleo-resins or balsams, from which they can be 
obtained by removal of the terpenes by steam distillation. 
They dissolve in alkalis forming resin soaps from which they 
are precipitated on the addition of acid. They are mixtures 
of acids or acid anhydrides. The actual compounds present in 
the resin in most oases are extremely unstable, so that the 
acids frequently isolated are not the compounds actually 
present but isomerides or decomposition products. The 
commonest resin is rosia or oolophonium, the residue left after 
the removal of turpentine from the exudation of many species 

• A by-product ia the Spiro compound (y. Org., 1936, 28S), 
t ChemiMtry of Natural Resim, Ztit„ 1934, 68, 749. 
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of Pinu8. In 1933 the amount produced was estimated at 
600,000 tons. It is largely used as a size for paper (38 per cent), 
for the manufacture of yellow laundry soap (28 per cent), 
and its esters in the varnish industry as plasticizer and softener 
for nitro-cellulose lacquers (21 per cent). It is used as a flux 
in soldering and for rosening violin bows. The manganese and 
cobalt resinates are used as driers in the paint and varnish 
industry. 

Abietio acid, is the chief acid obtained from 

common rosin. It is not an original constituent of the true 
secretion, and is not present to an appreciable extent in rosin, 
but is formed during the preparation and treatment of the 
rosin. Several acids isomeric with abietic acid appear to be 
present in the oleo-resins, but they are so extremely labile that 
on gently warming or contact with hydrochloric acid they 
yield abietic acid. For preparation cf. Steele (J. A. C. 8., 1922, 
1333; 1934, 1935). It crystallizes in small plates, melts at 
159®-16F, has [a]i> — 77®, is soluble in hot alcohol, and yields 
a sparingly soluble acid sodium salt. 

The acid itself is somewhat unstable and when heated at 
300® or heated with hydrochloric or acetic acid yields an 
isomeric acid which still contains two olefine bonds. 

Its close relationship to retene, 1 -methyl-7 -i,so-propyl-phen- 
anthrene (p. 591) is proved by its decomposition at 300®-330® 
in the presence of palladinized charcoal to retene (90 per 
cent), hydrogen (4 mols.), methane (1 mol.) and carbon dioxide. 
The presence of 2 olefine links is proved by the formation of 
additive compounds with 2H, 4H, 20H, 40H, 2HBr, and that 
these are probably not conjugated from the fact that the 
formation of an additive compound with maleic anhydride 
does not take place below 130®, when the same additive com- 
pound is formed as that obtained from levopimaric acid, and 
also from its molecular refraction (B., 1936, 2193). The acid 
is not easily esterified and hence presumably contains the 

S^C— CO,H grouping, which also agrees with the readiness 

CK 

with which carbon dioxide is eliminated. The COjH can be 
replaced by CH3 by the following stages : 

•COjEt CHjs OH CH : 0 CHg, 

red. (ndd. semi-caittazone 

red. with NaOEt 
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and the hydrocarbon hydrogenated loses two methyl groups 
yielding retene, thus indicating that both are in the fonn 



The accompanying formula was suggested by Ruzicka, viz. 
1 : 12-dimethyl“7-t50-propyl-decahydro-phenanthrene-l-car- 
boxylic acid. 

Levopimaric add, present in the fresh oleo^resin, is tricyclic, 
has two double bonds conjugate and in the same ring, and 
readily yields additive compounds at the ordinary temperature 
with maleic anhydride, and benzoquinone, and has a structure 
similar to abietic acid but with double bonds in 7:8- and 
13 : H-positions, and the maleic anhydride compound from 
this acid and from abietic acid has the double bond in the 
8 : 14-po8ition. 

d-Pi^aric acid, CijHjg-COjH, an acid obtained from French 
Galipot (mainly from Pinus maritima), has m.-pt. 211® and 
[a]i> + 75® and is relatively stable to heat and to mineral 
acids. When the corresponding hydrocarbon is dehydrogenated 
it yields pimanthrene, 1 : 7-dimethylphenanthrene, the struc- 
ture of which has been proved by its oxidation with potas- 
sium ferricyanide to phenanthrene-1 : 7-dicarboxylic acid and 
also by its synthesis by Haworth's method (p. 589). On ozono- 
lysis it yields formaldehyde as one product and hence con- 
tains the vinyl group •CHiCHj. Its structural formula is 
represented as 1:7:12- trimethyl - 14 - vinyl - dodecahydro- 
phenanthiene-l-carboxylio acid: 

CHa CO,H 
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The 1- and 7*position3 of two methyls follow from its re- 
lationship to 1 ; 7-dimethylphenanthrene. As the vinyl and 
the third methyl are removed on dehydrogenation they are 
quaternary groups, as is also the carboxylic group. 

The structure of the left-hand ring of the two resin acids 
follows from the fact that when oxidized with nitric acid or 
permanganate both abietic and pimaric acids yield progres- 
sively the two monocyclic acids: 


CH, 


CH, CO,H 


f> 

-CHa-COjH 

and 


L 

/COOH 

1 1. 


^CH, 


CO,H 


the former with 2 carboxylic groups difficult to esterify and 
the latter with all 3 difficult to esterify. 


C. Polynuclear Hydrocarbons* 


Hydrocarbons from Coal-Tar f 


Coal-tar contains many hydrocarbons of a more complex 
nature than anthracene and phenanthrene. Formulae I to IX 
give the structures of some of the more interesting of these. 
Some have been known for some years, but perylene, III, 
and benzpyrene, IX, were isolated from tar in 1933, 1 in 1934, 
and triphenylene, V, in 1935. Several, however, viz. I, III and 
V, were synthesized before isolation from tar. 


4 ; 6 Phenanth- 
rylencmethane 



\/ 

Yellow, m.-pt. 116®, 
reactive metbylene group 



• Chemistry of Natured Products related to Phenanthrene ^ 2nd Edition, 
Ficscr, New York, 1937. 

t Everett, The Higher Coal-tar Hydrocarbons, London. 1927. 
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III 

Perylene 




Yellow present in 
crude chrysene 



Colourless, m.-pt, 266 ® (corr.) 



VIII 

1 ; 2-Iienznaph- 
thacenc 



\/\/\^ _ 

Yellow present in 
crude pyrene 



IV, V and VI are formed entirely of true benzenoid rings and 
are relatively stable resembling naphthalene, the remainder 
are more reactive than phenanthrene, e.g. more readily 
oxidized, and are characterized by the fact that all rings are 
not true benzenoid rings, but contain rings with two ortho* 
quinonoid rings. (For discussion on structure of these hydro- 
carbons cf. Kon Rep., 1932, 163.) 

Pyrene (II), although somewhat resembling phenanthrene (I) 
in structure, differs in its chemical properties ; when oxidized 
it give^ a hetero-l : 6-quinone, and when reduced with sodium 


4 6 
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and amyl alcohol gives a sym. 1 : 2 : 3 : 6 : 7 : 8 -hexahydro- 
derivative. 1 : 2-Benzpyrene exists in only minute quantities 
in coal-tar, approximately 0-0003 per cent, and is best purified 
by means of its picrate. It is an interesting compound as it 
combines within itself the ring system of 1 : 2 -benzanthracene 
(ABCD) of cl^sene (ABED) and of pyrene (BCDE). 

The following syntheses are of interest: 

1 . Perylene derivatives by the action of aluminium chloride 
on 1 : 1 '-dinaphthyl compounds producing ring closure in 
8 : 8 '-poaitions (B., 1910, 2202 ). 

2. Triphenyl^ne in the form of its decahydro-derivative 
is obtained by the condensation of 3 mols. of cyclohexanone 
under the influence of methyl alcoholic sulphuric acid. Com- 
pare formation of niesitylene from acetone: 


H. 



3 , Chrysene. A 60 per cent yield of chrysene is obtained 
by passing indene through a glowing iron tube (Spilker, B., 
1893, 1538). Rupture of the 5 -membered rings in 2 molecules 
of indene occurs at the dotted position followed by the fusion 
of the two residues. 



4. Picene VI is obtained by heating s-dinaphthyl-methane 
with AICI 3 and CS 2 (Helv., 1934, 470). 

5. As already pointed out (cf. alizarin and anthraquinone) 
cyclic ketones can be formed by the elimination of water from 
certain aromatic acids such as o-benzoyl benzoic or y-phenyl- 
butyric acids or of hydrogen chloride from their acid chlorides, 
and this method has been extended to the formation of 4-ring 
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flystemfl. Thus benzil and ethyl a-bromo-acetatc yield by the 
Reformatscky reaction the ester I which on dehydration and 
reduction gives the unsaturated dibasic acid II, from which 
by the action of acetic anhydride 6 : 12 ‘dihydroxychrysene 
III is formed: 


OeHs-0 : 0 CeH, C(OH) CH, CO,Et 

I -f 2CH,Br CO*Et I I. 

CeH, C : 0 CgH, C(OH) CHa-COjEt 


IL 


C,H,CCH,CO,H 

C0,HCH,I!!C,H, 


III. 


Similarly, methyl cinnamate reduced with aluminium 
CHPh-CHj-COjMe , , 
amalgam givee cHPh-CH^-CO^e’ 

gives the cis and tram forms of diketo-hexahydi’ochrysene 
from which by reduction and subsequent dehydrogenation 
with selenium chrysene can be obtained (B., 1931, 2461). 

6 . Robinson's method (J, C. S., 1935, 12 ^; 1936, 50, 192, 
747, 1079), a 5-keto-8~phenyloctoic acid, e.g. OMe*CeH 4 *CH 2 - 
CHg'CHj'CO-CHj'CHj’CHj'COgH from the condensation of 
4-m-methoxybutyryl chloride and ethyl sodio-a-acetylglu- 
tarate and elimination of CO,, is made to undergo internal 
condensation by the action of sodium ethoxide on its ester; 
the diketone so formed 




with P 4 O 10 gives keto-hexahydro-phenanthrene 



An alternative method is the addition of the sodio-derivative 
of a saturated ketone to an ajS-unsaturated ketone, e.g. sodio- 
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e(H) 


cyclohexanone to styryl methyl ketone folding I which by 
ring closure forms II; 


|CO 

CHPhCHjCOCH, 


"O/" 


Ph 


By using sodio-cyclohexanone and acetyl-cyclohexene the 
final product is a reduced phenanthrone, and by using sodio- 
6-methoxy-l-tetralone and acetyl-cyclohexene the product 
is a methoxy derivative of a keto- hydrochrysene. 


XXXIIL MANY MEMBERED CARBON RINGS* 


During recent years cyclic ketones containing rings of 
9-29 carbon atoms have been prepared in much the same 
manner as suberone from calcium suberate: 



>CO, 


when an 8-membered ring is formed. With the higher homo- 
logues of suberic acid the calcium, lead and iron salts are 
unsuitable, but the thorium and cerium (i.e. quadrivalent 
metals) salts give the higher membered ketones, although 
the yields are in many cases small (cf. Mills, Thorpe's Die. 
Chem. Supp. II, 451). 

From these ketones cyclic hydrocarbons may be obtained 
by the following series of reactions: 


< >CO < >3MeOH < X’HMe. 

Gngnatd dehydration \[CH,]x/ 

reagent and 

cat. reduction 

During the formation of the monoketones, diketones are 
also formed, probably as follows: 



[CH. 



• L. Ruzicka, C. and I., 1986, 2. 
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A careful examination of the yields shows that the maximum 
yield of monoketono is obtained with the 6 C ring, viz. 80 per 
cent, the minimum is reached with 10 C and 11 C rings, viz. 
0*1 to 0-2 per cent, but rises again to 8 per cent with 16 C 
or 17 C rings and then decreases again to an approximately 
constant value of 2 per cent. For the bigger rings Ziegler 
(C. and I., 1935, 216) has synthesized the same ketones by a 
different process, viz. by condensing w~aliphatic dinitriles (I) 
with tertiary alkali amines, e.g. lithium or, even better, 
sodiurn-methylaniline, C 6 lT 5 *NMeNa, and hydrolysing the 
resulting cyanoketimine (II): 

.c:nh ,C0 

I. LCH.k- II. [CH,k<; I -V [CHi< j 

ClIjCN CHCN 

The condensation must be carried out in dilute solution to 
avoid polymerization and an inflow method is adopted in order 
U) avoid the use of extremely large vessels, i.e. as the nitrile 
is used up more is run in in order to keep a fixed concentration. 
With 5, 6 and 7 C rings the jdelds are good, approximating to 
100 per cent, but with 9 C falls below 10 per cent, rises again 
at 12 C, and reaches a second maximum value of 80 per cent 
at C 18. Later (A., 1937, 628. 114) rings with 20-27, 29, 30 
and 34 C atoms have been prepared by this method. On the 
whole rings with an even number of carbon atoms give better 
yields than those with an odd number. 

The large membered ketones are stable when heated, and 
the corresponding hydrocarbons, e.g. C 8, C 15, C 17 and C 30, 
are stable when heated with hydriodic acid at 250® The heat 
of combustion of the diflferent ketones gives a value of ap- 
proximately 157 Kg. cal. per CHa which corresponds with the 
value for CHa in a paraffin hydrocarbon. These facts indicate 
that Baeyer's view that there is a close relationship between 
the stability of a ring and the ease with which it is formed 
does not hold. Determinations of specific gravity and from 
these of mol. vols. show that the mol. vol. of the CHg group 
decreases continuously from the 4 C (20-4) to the 10 C ring, 
and then remains practically constant at 16-2-16'3, a value 
corresponding with the CHg value in aliphatic compounds. 
This points to a similarity in structure between the many 
membered rings and aliphatic chains, a conclusion con- 
firmed by X-ray investigations (A, Muller), which indicate 
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that the rings with more than 20 C are composed of parallel 
double chains, the straight portions of which are identical in 
structure with the n-paraffins. The length of one member of 
the chain is 1-25 A in both cases, and the distance between 
two aliphatic chains (4*45 A) is also the distance between two 
parallel portions of a large membered ring. A study of other 
physical properties, e.g. molecular refraction, parachor and vis- 
cosity, show abnormalities in the lower members of the series 
but a marked similarity between the higher members (C 20 
onwards) and aliphatic compounds. 

Large rings containing 0 as part of the ring are known 

/[CHJ, 

(Stoll and Scherrer, Helv., 1936, 735), e.g. 0<; >CO, 

[CHJ, 

which can be reduced to /CHj, 1 : 16-oxidopenta- 

decane; the former has a powerful odour of musk and the latter 
only a feeble odour. 

Ziegler and Hall (A., 1937, 528, 143) state that a ring con- 
taining 9 C 4- 1 0 is much more readily obtained than one with 
10 C, and the formation of a ring with 11 C *+* 2 0 is less 
diffi cult than one with 13 C. 

Large rings containing the NH group, viz. (CHj)! > NH, 
with 16-18 members in the ring have been 83mthesized,* also a 


compound, [CHj^ 




, with a triple link from the corre- 


sponding olefine by addition of Brj and elimination of 2HBr, 
and finally large rings condensed with a benzene nucleus in 
the meta and not the usual ortho-position: 


^[CH,k-COOH 

Several compounds containing large membered rings occur 
naturally. Of these may be mentioned: 


* For Kinetics see Solomon, Helv,, 19S0, 743, 
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1. Cyclo- Octane Group 

The dicyclic ketone pseudopelletierine present in pome* 
granate peel, 

CH,CHCH, 

I ' I 

CH* NMeCO 

! i I 

CH. CH CH„ 


can be reduced to the corresponding CHg compound, N-methyk 
granatanine, by means of zinc dust and dilute sulphuric acid, 
or by electrolytic reduction in dilute acid solution. The 
niethiodide of N-methylgranatanine with moist silver oxide 
yields the corresponding quaternary hydroxide, and when 
this is distilled water is eliminated, the bridge is broken, and 

Cn2-CH(NMe2)CH2 

A^*desdimethylgranatanine» GHt\ ! » 

^CHjCH-.CH CH, 

obtained as a colourless oil. When this base is converted into 
its methiodide, and then into the corresponding hydroxide 
and distilled trimethylamine, water and A^'®*cyclo-octadieiie, 
.CH-.CHCHg. 

CH 2 <; yCHj, are formed. The unsaturated com- 

pound is a volatile liquid, boiling at 39*5° under 16 mm. 
pressure, and polymerizes readily, yielding crystalline hydro- 
carbons. The A'"® structure is ascribed to the hydrocarbon 
on account of the fact that its ozonide, when decomposed by 
water, yields succinaldehyde, CHO*CH 2 *CH 2 *CHO, and 
succinic acid {Harries ^ B., 1908, 671). A more stable iso- 
meride is obtained by heating the dihydrobromide of the 
A^‘® derivative with quinoline or solid potash. This is a 
colourless liquid, boiling at 143°-*144°, and when reduced by 
Sabatier and Senderens' method (Chap. XLIX, A.) yields the 
saturated compound cyolo-ootane, CgHje, a colourless liquid 
with an odour like camphor, boiling at 14:7°-148° under 709 
mm., and melting at 14°. The presence of an 8-membered 
ring in the compound is confirmed by its oxidation with nitric 
a^, when a good yield of suberic acid (Chap. X, A.) is ob- 
tained. A cyclo-ooieiie, CgHi*, boiling at 145° and readily 
polymerizing and a eyck^ootatriene* CgHio, are also known. 
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The latter distils at 36°“40° under 13 mm. pressure, and can 
be prepared by the following series of reactions: 

Octadiene -► CgHuBr, CsHiatNMeg)^ 

Big NHMcg two isomers 

CgHijtNMegl)^ -> Cgffig(NMeaOH)g CgHjo. 
one of these distilled 

One of the most interesting derivatives is cyclo-octatetrene, 
.CH-CH:CH. 

Cgllg, CH^ A cyclo-octatriene is obtained 

from N-methylgranatenine in exactly the same manner as 
cyclo-octadiene from N-raethylgranatanine, and this, when 
subjected to the same series of reactions as described above in 
the conversion of the cyclo-octadiene into a cyclo-octatriene, 
yields the monocyclic ring compound, CgHg, provided the 
distillation of the quaternary ammonium hydroxide is con- 
ducted under a very low pressure at 30^-45*^, otherwise com- 
pounds are obtained containing one or even two bridges. It is 
a yellow liquid with a sweet odour, boils at 42*2® under 17 mm. 
pressure, has melting-point —27®, and has all the characteristic 
reactions of olefine compounds. It readily reduces perman- 
ganate, absorbs bromine, combines with hydrogen bromide, is 
readily reduced to cyclo-octane by means of hydrogen and 
platinum black, and cannot be nitrated or sulphonated. The 
structure of the molecule is similar to that of benzene, accord- 
ing to KekuU (p. 390), as both consist of a ring of CH groups 
alternately united by single and double linkings. The com- 
plete difference in properties of the two compounds has led 
Willstdtter to reject the KekuU formula for benzene and to 
accept the Centric formula. 

Compare B., 1905, 1975; 1907, 957; 1908, 1480; 1910, 
1176; 1911,3423; 1913,517. 

2. Cycle -Hep tadecane Group 

CiveUme, CiyHggO, is the source of the characteristic odour 
of the civet, and mushone, C^gHgoO, is the source of the musk 
odours. Civetone has all the properties of an unsaturated 
monocyclic ketone. When oxidized it jdelds suberic acid and 
a ketonic acid, 

Various structures have been suggested for civetone. The 
first was a 6-membered ring with a long side chain; this 
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was followed by a 9 -membered ring structure I, which was 
discarded when it was found that dihydrocivetone on oxida- 
tion gave the dibasic acid, ^ 17 ^ 82^4 * 


/C(CH,),COCH, 

(I) 


(II) ji \co. 
CH(CH2)/ 


The 17 C ring structure II is now generally accepted as it 
accounts for the formation of the ketonic acid, C17H30O5, 
viz. C00H(CH2)7-C0-(CH2)7-C02H, and also for suberic 
/COOH .CO2H 

[CH2] / and azelaic acid [C 1 L],( . The 17 C 

^COOH ^ ^COjH 

ring structure is also supported by the following relationships, 
flvetone semicarbazone and sodium ethoxide yield an un- 
saturatod hydrocarbon, C17H32, with one olefine link, and hence 
a monocyclic compound. On ozonization this gives a dibasic 
acid, C17H32O4, also formed by the oxidation of dihydrocivetone 
and identical with the synthetical pentadecanene -1 : 15 - 
dicarboxylic acid C02H*(CH2)i5*C02H. 


.CO 

CCH,],,< I 

dihydrocivetone 


or [CH,]„ 


XH 

\CH 



CO,H 

COJI. 


The position of the olefine link in civetoiie has been proved 
by the synthesis of the keto-dicarboxylic acid as its methyl 
ester, Ci7n3(,05, from methyl hydrogen azelate, C02Me‘(CH2)7- 
COgH, by heating with iron powder. 

2CO,Me (ClIa)7 COjH C02Me(CH2)7-C0'(CH2)7-C()jH. 


The structure of the unsaturated ketone is therefore; 


CH(CH,) 

CH(CH,) 


> 


CO Cyc/o-A'-heptadecoiie 


- 1 0-one. 


Muskone, on account of its close relationship to civetone, 
was regarded as methyl cyclopentadecanone, and as it is 
optically active must contain an asymmetric carbon atom. 
Its structure follows from the fact that the methyl cyclo- 
^(0112)7^ 

pentadecane formed from synthetic cych- 

\(CH2)/ 



606 


xxxril. MANY-MEMBERED CARBON RINGS 


pentadecanone by reaction with magnesium methyl iodide 
followed by dehydration and subsequent hydrogenation, is 
identical with the product formed by reducing muskone with 
amalgamated zinc in hydrochloric acid, i.e. replacement of CO 
by Cllg. The actual position of the methyl with respect to the 
carbonyl group is proved by the ozonization of benzylidene 
muskone when 1-methyl-tridecane-l : 13-dicarboxylic acid is 
formed: 


CliMe CO 


CO,HCHMe(CH,)„CO,H. 


It is interesting to note that the lactones exaltolide I from 
angelica root and ambrettolide II from ambretto seed have a 
characteristic musk odour: 



CH(CH,),0 


(H) J| 1 

CHtCHJs'CO. 


The carbonates \C0 and anhydrides 

.CO. 

/O also have musk-like odours when the total 

\co/ 


number of atoms in the ring is 15-18. 

Drew (C. and I., 1933, 638) points out that a planar structure 
is possible for rings containing 12, 15, 18 or 25 C atoms. 


C 


12 


Ct5 




a - 108° 68' 
P - 109° 68' 


a -« lir 44' 
p - 104° 12' 


a - 112° 68' 
106° 68' 
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XXXIV. ENLARGEMENT AND DEGRADATION 
IN RING SYSTEMS 

Most of the reactions discussed in the previous chapters 
have dealt with the conversion of derivatives of a given ring 
system into others containing the same ring, with the forma- 
tion of cyclic from open-chain compounds, or with the conver- 
sion of ring into aliphatic derivatives. 

Reactions of considerable theoretical interest, which are 
occasionally met with, are the conversion of derivatives of one 
cyclic system into those of another containing one more or 
one less carbon atom in the ring. 

A. Degradation 

As a rule when a ring compound without side chains under- 
goes isomerization the product formed is a ring containing 
a smaller number of carbon atoms, but with side chains. 

Thus cycloheptene when reduced gives methylcyclohexane 
and dimethylcyclopentane. 

Also cyclopentyl iodide cyclopentyl nitrite l-nitro- 
1-methylcyclobutane: AgNO* Conc. koh 

I ^H O NO -► CB/ >C(CH,) N0,. 

And 2-iodo-cyclohexan-l-ol with silver nitrite yields 1-alde- 
hydro-cyclopentane (C. R., 1914, 169, 771). 

Cycloheptane vapour, when passed repeatedly over platinized 
charcoal at 3W-315°, yields methylcyclohexane and finally 
toluenes (J. Gen. Chem. Russ., 1937, 369). 

Many a-chlorinated cyclo-ketones react with alcoholic potash 
yielding acids derived from a lower ring system: 

yjo ch/ I 

vCHCK \CH,CHCOOH 

(J. russ., 1914, 48 , 1097). . . , • . 

A comparatively simple reaction is the conversion oi oi- 
phenyl into a mixture of cyclohexane and methylcyclopentane 
with benjzene by the action of PClg at 250°-300®. 
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Walhwh (A., 1918, 414, 271) has studied the converBion of 
cyclohexanone into cyclopentanone derivatives. He shows 
that the dibromide of a cyclohexenone in which the olefine 
linking is conjugate to the carbonyl group reacts with aqueous 
alkali yielding a phenol derived from cyclohexane, e.g. A^- 
menthen-3-one yields 2“menthol (Chap. LVII, B2). With a 
dibromo>derivative in which the two bromine atoms are 
adjacent to the carbonyl grouj), but one on each side, the 
effect of alkali is to form a hydroxy-carboxylic acid derived 
from cyclopentane, and these can be readily oxidized to cyclo- 
pentanone derivatives, e.g.: 


and 


CHM< ^HBr -> CHMe< ’ 

^CH2'C(OH)COjH 

CHMe< >CBrCHMca 

^CHBr CO / 

/CH. 


-OH, 


CHMe/ 

N3(OH)(CO,H)CHCHMe,. 


Meerwein (A., 1914, 406, 129) shows that when water is 
eliminated from 1 : l-<iimethyl-cyclohexan-2-ol by means of 
oxalic acid the product is a mixture of 75 per cent of the 
dimethyl-A^-cyclohexene and 25 per cent of isopropyl-A^- 
cyclopentene (cf. C. R., 1928, 186, 375, 702; A., 1929, 477, 99). 

Xanthogallol, a product formed by the action of bromine 
water on the benzene derivative, tribromopyrogallol, CgBrg 
( 0 H) 3 , is probably a cyclopentene derivative, and its forma- 
tion can be represented by the following scheme (Moore and 
Thomas, J. A. C. S,, 1917, 974): 


Br 

Brj^Br 

joH 

OH 


CBr 

CBr^^CBr, 

co\yco 

CO 


CBr 


BrC CHBr, 
COOOCOaH 

CBr 


CBr 


BrC CBr« BrO CBr, 

OC — C{OH)CO,H CO-CO. 
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B. Enlargement 

An example of the enlargement of a carbon-oxygen ring is 
the conversion of a furanose type of sugar to a pyranose type, 
i.e. from a 5-membered to a 6-membered ring (Chap. LVI, A). 

A fairly general method of increasing the ring by 1 carbon 
atom is hj the action of nitrous acid on a cycloparaffin con- 
taining the side chain •CH 2 *NH 2 , viz. 

(CH,)d< \chch*nh„ 

Mm/ 

where n »=* 1 to 4. Thus cyclobutylmethylamine (n 1) 
gives a mixture of cyclobutylmethanol (Nil 2 replaced by OH) 
and hydroxy-cyclopentane and the method has been used for 
preparing certain of the higher cyclic compounds (A., 1907, 
353, 325; Helv., 1926, 399; J. C. S., 1928, 1099, 1897). 

Ring enlargement from the cyclobutane to the cyclopentane 
group has been observed by the action of phosphoric anhydride 
on boiling acetic acid solutions of certain truxinic acids 
(Chap. L, Al) (B., 1937, 483). 

The number of carbon atoms in the ring is frequently 
increased when a ring compound containing side chains under- 
goes isomerization; thus 1 -methyl- 1-iodo-cyclopentane with 
silver nitrite yields a certain amount of the corresponding 
1-nitro-l-methylcyclopentane, together with some nitrocyclo- 
hexane, and hydroxymethyl-cyclopentane with oxalic acid 
yields cyclohexene. 

One of the smoothest of such changes is the conversion of 
1 -methyl-l-a-hydroxy ethyl-cyclopentane into 1 : 2-dime thyl-A^- 
cyclohexene under the influence of zinc chloride: 

yCH,CH, 

CH, CH(OH) CMe< I CM< 

NcH,CH, — CH/ 


and similarly 1 :2:2:3-tetramethyI-l-a-hyd^oxyethyl-cyclopen- 
tane yields 1 : 2 : 3 : 3 : 4-pentamethyl- A^-cyclohexene (Meerwein, 
A., 1918, 417, 265). 


The pinacone, 


CHa-CHjj. /CHa-CHg 

I >C(OH)'C(OH)< I , contain- 


ing two cyclopentane rings, wi^h dilute sulphuric acid yields 


(B 460) 


21 



610 XXXIV. ENLAKGEMKNT AND DEGRADATION 


a spiran-pinacoline, | /CH,,, in which 

CHa-CH./" ^CO CH./ 

the one cyclopentane ring has been transformed into a cyclo- 
hexane derivative (Meiser, B., 1899, 2054). 

An interesting ring change is that of 2-cyclopentyl-cyclo- 
pentan-l-ol; 

OH 



into a mixture of isomeric octahydronaphthalenes by the 
action of zinc chloride at 180"^. 

Heterocycbc rings can also undergo enlargement, e.g. 
pyrrole and diazomethane or CH^Clg, and alkali yield pvri- 
dine (cf. Chap. XL and XLIII). 

Isatin (Chap. XLI, C.) under the influence of diazomethane 
has its 5-membered N-ring changed into a 6-membered ring 
by the addition of CHg (para to NH), and the acetal of 
glycerol in the presence of a trace of acid gives the isomeric 
ay-acetal (change from 5 to 6 ring, each with two 0). 

Another example of ring change with heterocyclic com- 
pounds is the action of hydrazoic and sulphuric acids on 
cyclohexanone and similar compounds (B., 1924, 704; J. 0. S., 
1937, 456); 

0 ^ 

li 
o 



Similarly, a-hydrindone gives dihydro-carboatyril: 

/ n:c oh 
C,h/ j 


C.H,< 


<0H>- 


The majority of these ring changes arc probably due to an 
opening of the ring under the influence of the reagents, followed 
by ring closure. 
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XXXV. BEARING OF ELECTRONIC STRUCTURE 
ON ORGANIC REACTIONS 

Cationoid and Anionoid Reagents 

The two commonest cataljrtic reagents are protons H, or 

the hydrated form OH3, and the hydroxyl ion. These are 
respectively typical cationoid and anionoid reagents, and Lap- 
worth (1920) has attempted to group all other reagents into 
these two categories. In all reactions in which these reagents 
take part the anion is an electron donor and the cation be- 

comes an electron acceptor, e.g. H -i- OH HgO. Similarly, 
anionoid reagents are reducing and cationoid reagents oxidiz- 
ing agents. 2Fe -f 4Cl -f Clg 2Fe + 601. The ferrous is 
oxidized to the ferric state by the chlorine which is itself 

reduced to the ionic 01 state. 

The following is the definition for the two groups: “If 

the formation of a covalent bond in the complex A-B takes 

+ — 

place by the union of A with B, then A is anionoid and B is 
cationoid The table (p. G12) gives a list of anionoid and cation- 
oid reagents as drawn up by Robinson (1931).* (Waters, p. 181.) 

There are great differences in the relative reactivities oif 
anions and cations; for anions the most stable are the least 
reactive and the reactivity diminishes as the ion more nearly 
reaches the stable octet valency shell, as illustrated by the 

increasing reactivity of the anions F, OH, NHg, CH3 in the 
given order. 

The activity of a cation depends on its readiness to share an 

■f -t 

electron pair with an anion. The most stable are Na and K, 
which exist as ions only and cannot form covalent compounds. 

Organic Cations. 

The carbonium cation formed by the basic dissociation of 

+ 

a hydroxylic compound, e.g. CH3 from CHj’OH or CgHg from 

• Waters, Physital Aspects of Organic Chemistry, London, 1936. Robinson, 
Institute cf Chem., L4M;tures, 1932. 
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ANIONOID OR 
ELECTRON RELEASING 

1. Active anions: OH, CN, 

CH(C02Et)2, &c. 

2. Reducing reagents in- 
cluding all metals and ions 
which can give up electrons 

Na, Mg, Fe, Fe, Fe(CN)g. 

3. Alkyl and aryl residues 
of organo metallic compounds, 
Et in Et-Mg-Br and RC‘C in 
R-C;CNa. 

4. Donor molecules contain- 
ing lone pairs of electrons, 
NH3, C,H,N, H2O, Et^O, 
(CH3)2C0, RSH, R2S. 

5. Unsaturated carbon in 
olefines and aromatic hydro- 
carbons. 


CATIONOID OR ELEC- 
TRON ATTRACTING 

1. Protons and sources of 
protons: acids, pseudo-acids 
and cations from pseudo- 
bases. 

2. Oxidizing agents: halo- 
gens, ozone, peroxides and 
ions which can accept elec- 
trons Fe, Fe(CN)^, MnO^. 

3. Alkyl residues from 
esters, e.g. Me in Mel or 
Me2S04 and alkyl groups from 
quaternary ammonium salts 
and bases Me in PhNMeg-OIL 

4. Acceptor atoms, ions and 
molecules which are capable 
of co-ordination with HoO, 
NHaEt, e.g. ZnClg, PtCl^. ^ 

5. Atoms which carry, or 
easily acquire positive charges, 
e.g. in semipolar bonds: C in 
—CO, — CO-OEt, CN; 8 in 
SO3, H2SO4, NallSOa; N in 
—NO, NO2, HNO3. 


CgHg-OTT are extremely unstable, as the dissociation of such 
compounds is usually of the acid type, e.g. C3H5OH -> 

C«H,0 + H. 

The formation of a carbonium ion such as CH3 results in a 
carbon atom with a sextet shell. Comparatively stable car- 
bonium ions are, however, formed in the case of triphenyl- 
methyl compounds (cf. Chap. LII, Bl). The chloride is formed 
by simple treatment of the hydroxide wdth HCl in benzene 
solution, and as its solutions are conducting exists largely as 

■ 4 “ 

CPhj and Cl. The diraeride CPha-CPh^ also yields conducting 
solutions, and is present as an equilibrium mixture CPhg* 

CPhj CPhg + CPhj. The unstable cation CPh, probably 
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undergoes molecular rearrangement into the more stable and 
coloured quinonoid form: 

Ph^C ^ Pb^C- C< XJ— TL 

'CH-CH/ 

Commoner and more stable cations are the oxonium, sul- 
phonium and ammonium ions. 

Organic Anions. 

Among the simple organic anions are the alphyl and aryl 
groups in their metallic derivatives, e.g. NaEt, Na-CHgPh and 
NaCPhg. These compounds are highly imstable, decompose 
water, are spontaneously inflammable — except NaCPhg—and 

their solutions in ether, pyridine and liquid ammonia are good 

— + 

conductors pointing to ionization EtNa ^ Et -f Na. The 
reaction between CHPhg and NaNHg (sodamide) in liquid 
ammonia is similar to the neutralization of an acid by a base 
in water: 

HX -f NaOH in aq NaX + H,0 ; 

HX + NaNH, in NH,, NaX -f NH„ 

where X *= CPhg in the latter equation. 

The compound CPh3-NMe4 is an organic salt, a strong 
electrolyte and completely ionized in all solvents, yielding 

CPh3 -f NMe4. 

The organic cations and anions referred to above are un- 
stable and highly reactive ; the ionization is diflicult to accom- 
plish, but is facilitated by using solvents of high dielectric 
constants, especially those of the anionoid type, e.g. H^O, 
EtgO, McgCO, NH3(liquid), which can form co-or^nation 
compounds with the reactive cations. 

Organic Acids and Bases. 

The common organic acids are carboxylic, sulphonic, phenol 
and pseudo acids, and all have hydrogen atoms capable of 
being replaced by metals, and their relative acidities are ex- 
pressed in terms of proton concentration in the form 

p, - l/log^, 
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from which it follows that the stronger the acid the lower its 
value. 

All acids are proton donors and it is customary to group 
all proton donors as acids, thus the ion HSO4 is an acid as 

4 

it gives H and SO4. Under such a definition fall carbonium and 
oxonium and ammonium ions, as they readily yield protons, e.g. : 

NIL NU, 4 H. 

Similarly a base is defined as a proton acceptor. This in- 
cludes all compounds yielding free OH ions, as these react 
readily with protons, 

oil 4 

It also includes compounds yielding anions which can discharge 
protons, e.g.: 

R CO 0 + H R CO OH ; 

also neutral molecules such as water or ammonia which can 
combine with protons yielding cations, e.g.: 

NH 3 + li -> NU 4 and R 3 O 4 H lifili; 

and finally positive charged ions derived from a diacid base 
(hydrazine), e.g.: 

NltyNH^ 4 ^ H NU. Nll,. 

Thus proton acid. 

Acid — proton base. 

The proton liberated from an acid is unstable as it has no 
electron shell and hence combines with the solvenb—usually 

water giving the oxonium ion H3O — but also with other sol- 
vents, e.g. EtOH, EtgO, &c. Hence 

-f- 

Acid -f solvents solvent H + base, 

or neutralization consists in the transfer of a proton from 

combination with one base, e.g. OH to another base, e.g. HjO, 
or generally: 

Acidj + bases ^ acidj basej, 
e.g. CH, CO OH + C,H,NH, CH. CO 0 + C,B, NH,. 
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This reaction is reversible and roughly 50 per cent reacts 
giving acetate and anilinium ions. 

As already pointed out (p. 186) the relative strengths of acids 
are represented by their dissociation constants. These con- 
stants are usually those determined by Ostwald or by his 
method, and are termed by Watson “ Classical dissociation 
constants More modern determinations by Dippy and 
others (J. C. S., 1934-1939) by the conductometric method, 
making corrections for frictional resistance of the medium, 
inter ionic attraction and Brownian movement of the ions, 
are t('rmed “ thermodynamic dissociation constants 

In the case of fatty acids attention has been drawn to the 
fact t))at certain substituents tend to increase the strength 
of an acid and others to diminish the strength as compared 
with that of the unsubstituted acid. The former are termed 
acylous and the latter baaylous by Lapworth, and these 
expressions are j)referfible to the older terms negative and 
positive. The most strongly acylous group is the nitro, others 
are halogens, — CN, — CH(C02Et)2, which can form free anions 
and phenyl. Feebly basylous is — dig as shown by a com- 
parison of propionic and acetic acids, more acylous is -CMcg 

and strongly basylous is *C0-0 as shown by a comparison 

of COgH R COgll and C02lBR*C0'0, the second dissociation 
constant of a dibasic acid being always much smaller than 
the 1st constant ifj (cf. p. 264). 

The amino-group often forms an inner salt with the car- 
boxylic group (cf. Betaines, p. 245), e.g.: 

NHj CH.UO OH -> NHs-CHa-GO O, 


but is of the acylous type as NHPh-CHj-COjH is a stronger 
acid than CHjPh-CHg-COjH (ratio 3-9 : 2-3), and similarly 
NPh(C02H)2 is stronger than CHPh(C02H)8. 

Unsaturated acids as a rule are stronger acids than their 
saturated analogues, e.g. propionic acid 1*8 and acrylic 5*6, 
but the value of K varies greatly with the position of the 
double bond. The acid is always the strongest and in the 
hexenoic acids the strength rises and falls from the aj8 to 
the Sc acid, e.g. 1*89, 2-64, 1*74, 1*91. This and similar pheno- 
mena may be due to the zigzag structure of the carbon chain. 

The same acylous group increases the strength of phenols 
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as illustrated by the following values for K x 10 *: phenol 
0*11, o-nitro G 8 , rw-nitro 3*9, p-nitro 70, picric acid 1*6 x 10”^; 
whereas they reduce the dissociation constant of aniline from 
6*7 X 10~^® for aniline to 1*0 x 10*"^^ for o-nitroaniline. 


Inductive and Tautomeric Effects 

Two electron displacement factors affecting the activity 
of a molecule are the inductive and tautomeric effects. 

1 . Inductive Effect. 

In a s}rmmctrical compound, e.g. CHg'CHg or NH 2 *NH 2 , the 
electrons of the covalent links are equally shared so that no 
permanent polarization can be detected. When, however, a 
chlorine atom enters the methane molecule it does not follow 
that in the covalent bond between C and Cl the electrons are 
shared equally. One atom has a slight extra -f and the other 
a corresponding — charge, there is a small static displacement 
of the electron pair, i.e. polarization within the stable valency 
shell, and the compound exhibits a dipole moment (Chap. 
LXXI, G.). 

In the case of CH 3 CI the chlorine is electron attracting, so 

8+ d‘~ H — >■ 

that the condition may be represented as H 3 C — Cl, H 3 C— Cl, or 
H 3 C Cl, and the limiting case occurs where the Cl breaks 

away as the ion Cl leaving the CHg cation. 

In the compound IlgC^ — Mg — Br the dipole is in the opposite 
direction, indicating tliat the electron concentration is greater 
on the C and not on the Mg, CH 3 — ^MgBr. Groups like 
NOg, Cl, CN are termed electron attractive and their effect is 
denoted by +1; whereas the MgBr group and also the CH 3 
group in CHjCl are electron releasing and denoted by —I. 

The following list taken from Gilman gives the relative 
inductive effects of various atoms and ions: 

(1) Electron Release — I. 

(а) Anions. -NR > — 0> —S> —Se. 

(б) Radicals. -MgX > -ZnX > -CaX > ~HgX 

-Alll* > -SiRj > -SriRg > -PbRa 
-CMcg > -CHMe, > -CH^Me > ~CH». 
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(2) Electron Attraction -f I. 

(а) Cations. -OR, > -NR, > —PR, > - AsR, 

— OR, > — SR, > — SeR, 

— NR, > - NR, and — OR, > — OR. 

(б) Radicals. -NH, > -NO, > -AsO,H, 

-SO,R > -SOR and -SO,R > -SO,- 

- F > - OR > NR, 

-F > -Cl > -Br > -I 

- C he CR > -CR - CR'-. 

Great care is required in dealing with the signs + and — 
in (H)nnexion with I. Ingold termed electron release effet^ts 
+ I and electron attraction - I, but Robinson {loc. cit.^ p. 34) 
points out that the sign should logically denote the charge 
induced, thus — MgX produces an increase in electron density 
on the group to which it is attached, and a decreased electron 
density on itself, and hence should be termed —I and not -f I. 
Robinson, in this country, and Gilman, in America, adopt this 
system, but Ingold's classification is still largely used in Eng- 
lish chemical literature. 

The results of inductive effects are seen in the ionization 
constants of acids, which are a measure of the tendency of 
the molecule to discard protons and form anions or a competi- 
tion between the anion and a water molecule for the proton. 

XH + H,0 ^ X -f H,6. 

By introducing a chlorine atom into the acetic acid mole- 
cule, the chlorine tends to attract electrons from the adjoining 
carbon atom and this produces an induced effect upon the C 
atom of the -COjH group and then on the 0 of the -OH, and 
finally on the H, 

a -h- CH, CO O H, 

+ 

thus facilitating the liberation of H. The same argument 
holds good for all acylous groups in the a-position in a fatty 
acid, and their relative effects are indicated in the table 
above, where the positionally charged cations will have the 
greatest effect. For list of values of Z x 10® for substituted 
fatty acid cf. p. 192, and for aromatic acids p. 514. 

The inductive effect in a saturated carbon compound 

(B iSO) 21* 
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diminishes rapidly, and become negligible beyond 2 or 3 
atoms, hence an electron-attracting group in the y or S posi- 
tion in a fatty acid has but little effect on the dissociation 
constant, avS shown by the following values for Z x 10®: chlor- 
acetic 155, j8-chloropropionic 8*5, y-chlorobutyric 3, and 8- 
chlorovaleric 2. 

The groups which tend to increase the dissociation constant 
of an acid also tend to increase the strength of a phenol as an 
acid, as illustrated by the nitrophenols, but in these cases the 
electromeric factor is also involved. 

A careful examination of the dissociation constants of 
substituted acetic acids, XCHg-OO-OH, and of the dipole 
moments of substituted hydrocarbons, CTT3X, shows that 
there is a simple quantitative relationship between the two 
sets of figures and a smooth curve is obtained when the logs 
of K are plotted against the values for /x of the corresponding 
substituted hydrocarbons. This curve is denoted by 
logjfiC ~ logA'’Q -- C(/i + a/x*), where K == dissociation con- 
stant of the substituted acid, that of the unsubstituted 
acid, fjL is the dipole moment, and C and a are constants. This 
simple relationship does not hold good with substituted 
benzoic acids. 

2. Tautomeric Effect T. 

This is largely a dynamic polarizability associated with 
multiple covalent bonds and with atoms with unshared elec- 
tron pairs. In reality two factors are involved—the more 
important dynamic polarizability often termed electromeric 
E and a permanent polarization factor — mesomeric M. So 
that T = E M. The dynamic polarization is largely affected 
by reagents and solvents. In the case of an unsaturated com- 
pound — B — , when A and B are dissimilar the 4 electrons 
involved in the double link will not be equally shared even 
in the resting states, ‘and on activation by reagents there will 
be a further tendency for electron displacement, and if this is 

— -f. 4- — 

complete the state — A — B — or — A — B — is reached, the 
displacement may, however, not be complete and the symbols 

— and — ^A=B*— are commonly used to indicate the 

tendency for the electron pair constituting one of the double 
bonds to migrate to one or other of the two atoms joined by 
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the double bond. The general rule is that the atom with the 
higher effective nuclear charge, i.e. 0 in and N in fe-N, 

retains the electron pair, so that in the carbonyl compound 

E — CH=^0 we have R — CH^O, or if complete R^CH— 

or as it may be put, R — CH — ®0. It is clear that in such a 
state the positive C atom hsts a valency shell of 6 instead of the 
stable octet, and hence in a reaction of a carbonyl compound 
the point of attack is the -hC atom as demonstrated by Laf- 
worth in the cyanhydrin reaction of ketones, which takes 
place in the stages; 

- /O 

^CN, 

yO , - /OH 

R, C< 4 HOH ^ \\ O' 4 OH. 

If no suitable anionoid reagent is present to react with the 

4 

C then there is a tendency for the equilibrium 

R— CH O R—CH— 0 

to favour the change from right to left. 

The reaction of olefines with halogens, nitric acid, ozone 
and acids giving protons, i.e. powerful cationoid reagents 
and their non-reaction with alkalis, amines and Grignard 
reagents, indicate that olefines and also benzene are anionoid 

4 - — 

in character, i.e. in the reactive stage >C — C< the first 

addition occurs at the C (cf , Addition of Br to olefines in Chap. 
LI, B.). In a conjugated system containing alternate single 
and double bonds the polarization may proceed along the 
complete chain, 

^ ^ 4- - 

Ci»OC«0~C«0 or 

and hence the electromeric or tautomeric effect, i.e. electronic 
displacements can be affected by a given group for appreciable 
distances along such a conjugate system. At the same time 
it is to be noted that a single becomes a double link and vice 
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versa, and this is denoted by a curved arrow passing over the 
C atom (Robinson), 

o-c=^o=^a 

For further details cf. Chap. LI, Unsaturation. 

+ or “T effects of different groups 

4-T 

Amino and substituted amino-groups 
+ 1 and -f T 

Halogens, alkyloxy (only weak + I) 

-f I and - T 

Carbonyl, carbethoxy, cyano. 


Reactions of Organic Halides 

Among the commoner reactions are: 

(1) Replacement of one halogen by another. 

(2) Replacement of halogen by hydrogen. 

(3) Hydrolysis of alkyl halides. 

(4) Hydrolysis of acyl halides. 

1, It is well known that in many cases a chloro-derivative 
can be converted into the corresponding iodo-derivative by 
boiling with an aqueous or aqueous-alcoholic solution of 
potassium iodide. This is a simple exchange of electrons from 
I to Cl, and is attributable to the diminution in the electric 
discharge potential of the halogens with increasing atomic 
weight or atomic number; in other words, to the intervening 
shells of electrons between the valency electrons and the 
central nucleus. Similarly, organic iodides are more reactive 
than the corresponding chlorides, e.g. in the formation of 
Gfignard reagents, in reactions with ammonia, &o., due to 
the fact that it requires greater energy to release the electrons 

from Cl than from I. The effect of substituents on the reaction 
velocity of alphyl chlorides, R(CH 2 )i^Cl with KI has been 
studied by Conant and others (J. A. C. S., 1924-29) by simply 

titrating the excess of I in the presence of iodat© and hydro- 
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chloric acid. In all cases the effect of K diminishes rapidly as 
the number of CHg groups increases, exactly as with the dis- 
sociation constants of acids, and after four CHg groups is 
negligible. The reaction of the compound is greater when 
R is an acylous group, as indicated by the diminisliing order: 
Ph CO-, MeCO-, -CN, COgEt, OMe, Ph, C3H7. 

2. Replacement of halogen by hydrogen. Inverse Substitution. 

This replacement is usually effected by reduction, and the 
reaction of alkyl halides with hydriodic acid has been studied 

in detail. The reaction probably depends on the liberation of 

+ 

halogen cations, e.g. Br, which react with the iodide anions 
liberating free iodine : 

K CH, Br + H -> R CH, f Br; Br + 21 Br + I,. 

Acylous groups such as NO^ and halogens increase the 
reactivity. 

With polyhalide derivatives, e.g. CBr4, CHBr^, CHI3, the 
replacement takes place in the presence of alkalis when an 
atom of Br or I is liberated as a positive ion which reacts with 

the OH yield^ Br-OH or I-OH. 

Iodine is liberated so readily that tetrahalogenated com- 
pounds readily lose iodine forming perhalogenated ethanes: 

2CC1,I -> I* 4 CjCl,. 

Inverse substitution occurs extremely readily with halogen 
derivatives of compounds with acid properties, e.g. containing 
a reactive CHj or NH or NHg group. Examples are ethyl 
bromomalonate, CHBr(C02Et)2, and dichloramine T, CH3*C6H4' 
SOg'NClg. The halogen-free compounds liberate protons and 
the halogen derivatives yield positively charged halogen 
atoms, as proved by the fact that the acidified compound 
liberates iodine from potassium iodide solutions (cf. above). 

3. The hsrdrolysis of alkyl chlorides in aqueous-alcohol or 
acetone is the opposite of 1 and 2 as acylous substituents such 
as NOj and CO2H tend to diminish the rate, whereas basylous 
groups, e.g. OMe and Me, increase the rate. With tertiary 
alkyl halides the reaction proceeds in the stages (Hughes and 
IngoJd, J. C. S., 1935-38): 

(i) alow R CH, C1 R CHs + Cl, 

(U) rapid R CH, + OH R CH. OH. 
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When acylous groups are present, as in benzyl chlorides or 
bromides, the meia compound has the highest velocity, whereas 
with basylous groups the meia compound reacts much more 
slowly than the isomeric oriho and far a compounds. 

4. The hydrolysis of acyl halides is different from (3) and 
resembles (1) and (2) in the fact that the velocity is increased 
by the introduction of acylous groups and it is probable that 
the reaction occurs in the stages: 


(iii) slow K + OH 

Cl 


RC-OF{, 

^C1 


(iv) rapid R C — OH 


Rcf + a. 

OH 


Comparing equation (i) above with (iii), it is clear that they 
have opposite polar characters, as in (i) the organic radical 
donates a pair of electrons to the halogen atom and in (iii) 
it accepts a pair from the OH. Hence polar substituents will 
affect the two reactions in opposite ways. 

5. The elimination of hydrogen bromide from N-bromihated 
substituted benzamides, 

X CaH 4 *CO NHBr HBr + X CeH 4 N : C I (), 

by the action of a large excess of NaOII at 30° in the case of 
m- and j)-8ubstituted compoimds is polar and the relative 
rates are inversely related to the dissociation constants of the 
corresponding benzoic acids, indicating that the reaction 
depends on the readiness of release of a negative bromine ion 
(J. A. C. S., 1937, 121). 


Hydrolysis 

This is the name given to reactions in which water takes part 
and produces the breaking of a covalent bond in the com- 
pound by the addition of H and OH; numerous examples 
have already been given in the case of alkyl halides, acyl 
chlorides, esters, acid amides, nitriles, Ac. All the reactions 
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with organic compounds are relatively slow and have a dis- 
tinct energy activation, and in these two respects differ com- 
pleteJy from the hydrolysis of salts. The process is ionic and 

4 - 

involves the H and OH of water or added hydrions and hy- 
droxyl ions provided by the catalyst, i.e. free acid or alkali. 
The hydrolysis of an ester can take place with water alone and 
becomes rapid when acylous groups are present, e.g. ethyl 
chloroacetate, ethyl tartrate, and, of course, varies with the 
solubility of the ester in water. As comparatively few esters 
are readily soluble in water, aqueous alcoholic solutions of 
mineral acids or alcoholic potash are often employed. 

In acid hydrolysis, e.g. HCl, the Cl ion remains intact 
throughout the reaction, and with alkaline hydrolysis, e.g. 

+ 4 - 

KOH, the K ion remains intact, hence the H is involved in acid 


hydrolysis and the GIT in alkaline hydrolysis. With esters of 
strong acids and water the acid formed liberates much hydrion 
and hence the reaction is autocatalytic. 

An ester has two points of attack: (1) The cationoid car- 
bonyl group which can attract an anion, e.g. OH, and (2) the OK 

-f 

group which can attract a cation (H) to form an onium salt. 
In reality both groups are utilized in the process of hydrolysis, 

'f ~ 

and both H and OH ions are added to the ester molecule, 
forming a dipolar molecule, and in both acid and alkaline 
hydrolysis of the ester R-CO-OR', this intermediate product 
is the same : 

0 

R— ^1^1 O— R' 


and by a flow of electrons from atom to atom in this dipolar 
molecule a disruption at the central C3 — 0 bond takes place 
yielding a molecule of acid and of alcohol. The alkyl group 
of the ester is eliminated as an alcohol molecule and not even 
primarily as a free cation. This is clear from the fact that an 
ester containing an alkyl group which cau, in the form of a 
cation, undergo isomeric change is eliminated unchanged in 
the alcohol formed. 
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A direct proof that fission occurs at the position indicated 
by the dotted line is afforded by the fact that both in 
hydrolysis by mineral acid and also by alkali, using as 
solvent water contfiining heavy oxygen (Chap. LIV), the 
heavy oxygen is never found in the alcohol formed but in 
the organic acid. 

The reactions involved in hydrolysis are: (1) The addi- 

-f 

tion of H (in acid hydrolysis) or OH (in alkaline) to the ester. 
(2) The collision of the complex ion with water molecules and 
the formation of the dipolar molecule. (3) Instantaneous 
rupture of the C — 0 bond by flow of electrons (Moellwyn- 
Hughes, Phil. Mag., 1932, 14 , 112). 

The acid or alkali used as catalyst cannot give substantial 

+ - 

concentrations of both H and OH, and hence in acid solutions 


the OH and in alkaline solutions the H must be derived from 
molecules of water. Any proton donor can supply the cation, 

but the supply of OH can only come from a hydroxy com- 
pound. Acid anions, e.g. CH3-C02. are not direct sources of 
OH, but they can rea<^t with water to supply OH, but the 
acetate ion has only about 1 /30,(X)0 the efficiency of an OH. 


R-~0^ _ + H OH 

"0 


+ OH ; 


The rate of hydrolysis of a simple ester or the inversion of 
sugar by different dilute acids was utilized by Arrhenius and 
Ostwald for determining the degree of dissociation of the acids, 
but the reaction is much more complex, as with a strong 
mineral acid the hydrolysis of cane sugar is greatest in con- 

-f 

centrated solutions where the H concentration is small. 
Dawson (J. C. S., 1926-36) claims that the velocity coefficient 
is a sum of the partial reaction velocities of hydrion, hydroxyl 
ion, undissociated molecules of acid and anion. 


- [WJ ^ Vh A] 4 [A]. 

where [ ] represents the concentration of the different ions or 
molecules. 
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By working with a weak acid of concentration c, [A] *= [H], 
[OH] = nil, [HA] = c - [H], K = [H] x [A] /[HA]. Then 

V ~ (^fl "h “T“ "h ^A 

[H] 

whore is the dissociation constant of the acid. 

When the velocity of a reaction, which is catalysed by both 

H and OH icais, is plotted against hydrogen ion concentrations, 
a symmetrical curve is obtained with a minimum velocity 

■i ^ -f 

corresponding with a given H concentration, viz. H„ and this 
is proportional to the square root of the concentration of the 
catalysing acid. 

Polar groups play an important })art in the velocity of ester 
hydrolysis and Ingold (J. 0. S., 1930-36) claims that in an ester 

\OR', 

where steric effects arc eliminated the ratio 0 = is 

a function of the polarities of the groups R and R'. This has 
been tested in the two groups of esters, X-CO’O'CHaY and 
XCHg-CO-O'CHg-CHgY, and the results indicate that electron- 

-h 

attracting (acylous) groups, e.g. Cl, Ac, NHj favour hydrolysis 

by OH, whereas electron-donating (basylous) group, e.g. CHj, 

favour hydrolysis by H, when the group is present in either 
the alkyl or acyl radical. 

For esters of glyceric acid, OH*CH 2 -CH(OH)-COOR, with 
the value — 4-3 corresponding with the minimum velocity 
coefficient, the ratio konl^B is of the order 11 x 10'“^ and 
varies from 27*5 x 10“® for Me to 5*8 x 10“® for isopropyl, 

^ 4 * 

indicating that alkyl gi *ups favour hydrolysis by H, but that 
the effect is neutralized by the interposition of 3 or more CHg 
groups. 

With esters of symmetrical dibasic acids the ratio of the 
velocity of acid hydrolysis of the first ester group to that 
for the second ester group k^ is 2, but this does not hold good 
for alkali hydrolysis and can reach a value of 10^ in the case 
of methyl and ethyl oxalates, but falls in the oxalic series 
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until it reaches a roughly constant value of 3 at methyl 
suberate. This is due to the fact that the product of the first 

hydrolysis is an anion, R 0 *C 0 -(CH 2 )n*C 0 ’ 0 , which will tend 

to repel OH from the vicinity of the second ester group and 
thus depress the value From the results of the ratio 
kj^jk^ it has been found possible to calculate the intramole- 
cular distance between the two CO 2 H groups. 


XXXVI. STERIC EFFECTS 

The effect which a substituent can produce on the course 
of a reaction may be due to at least two different causes. 
Its own electronic properties may modify the general electric 
conditions of the molecule so as to produce a marked effect 
upon the chemical reactivity of the substance into which it 
has been introduced. The effect is polar in character and will 
differ according to the acylous or basylous nature of the sub- 
stituent. Numerous examples have been already mentioned 
(cf. Chap. XXXV). 

One of the most interesting of these is the increased re- 
activity of a chlorobenzene when 0 - and p-nitro-groups are pre- 
sent. The increased activity is so marked in 5-trinitrochloro- 
benzene, picryl chloride, that the compound behaves more 
like an acyl chloride. The same holds good of the correspond- 
ing amino- and ethoxy-compounds; thus picryl amide has 
more the properties of an acid amide than an alkylamine, 
and if-trinitroethoxybenzene the properties of an ester rather 
than of an ether. As already indicated these properties are 
largely due to the polar character of the nitro-group. This 
reactivity of halogen when 0 and p to nitro-groups is of great 
value in synthetical chemistry, e.g. 2 ; 4-d4mtrochlorobenzene 
reacts so readily that the chlorine can be replaced by OEt, OPh, 
NH-NH^, -CNS, -NHPh, or •CH(C02Et)2, CH(CN)*C02Et. 

Nitro-groups ortho and para to a methyl group render the latter 
reactive and capable of condensing with aldehydes, esters, &c. : 

o.NOs, C«H* CHa + (CO,Et)a NO, C,Ha CH, CO‘CO,Et -f EtOH, 
2:4-(NOa)aCA CH, + 0*11, CEO (NO,),C«H,-CH : CHPh + HjO, 

2 : 4 -( NO,),CeH,CH, + NO*C,H,NMe, (N0,),0,H,*CH : NC,H,NMe„ 
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In the last reaction the product, an azomethine, can be 
readily hydrolysed to 2 ; 4-dimtrobenzaldehyde. 

Nitro-groups can also activate the hydrogen of a benzene 
ring, thus w-dinitrobenzene and hydroxylamine in the presence 
of sodium ethoxide yield 2 : i-dinitroaniline and 2 : 4-dinitro- 
phenylene -diamine by the replacement of the H atoms adjacent 
to NO 2 groups by NHj groups. Similarly, m-dinitrobenzene 
and potassium cyanide in methyl alcoholic solution yield 
2 : 6-dinitrobenzonitrile. 

Other electron-attracting groups (acylous), e.g. COgH, 
CHO, ‘SOaH, ‘CN, ’CO-R produce effects similar to the nitro- 
group, but not to the same extent (B., 1916, 2222), and it 
is to be noted that all these acylous groups have a meta orien- 
tating effect in benzene substitution. 

In the true aromatic amines it is not possible to replace 
•NH 2 or even -NMcg by OH by means of ordinary hydrolysing 
agents such as aqueous alkali, but the introduction of a jiara- 
nitroso group gives a product which is readily hydrolysed: 

p.NO OeH4*NHa f H OH NO Oefb OH f NH,, 

j)-NO C^H.-NMe, -h H OH NO Cell^ OH -f NHMe*. 


This reactivity of NHj groups is met with in the naphthyl- 
amines with acids or alkalis; more particularly with sodium 
bisulphite they yield naphthols, which in their turn are readily 
transformed back into the amines by ammonium sulphide. 
The naphthols and also a- and ^-anthranol and phenanthranol 
react with alcohols and an acid catalyst, yielding ethers in 
exactly the same manner as acids yield esters, and these ethers 
are hydrolysed by alkalis to the alcohol and hydroxy com- 
pound. 

The reactivity of Cl in triphenylchloromethane, CPh^Cl 
(Chap. LII, Bl), is very marked, the compounds react with 
hydroxy compounds, e.g. alcohols, hydroxy esters and sugars 
in pyridine solution, yielding ethers CPhg-OR (B., 1923, 766; 
1925, 872). 

The marked effect produced by an or/Ao-methyl substituent 
is met with in the reduction of the two compounds: 


1 . 



.NHCS 

2. o.C,H4< [ 

^CHjNCeH^Mo. 


The former retains its ring structure with CS replaced by 
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CHg, the latter loses the C8 group as CH3SH and yields the 
o-compound NHa-Cell^CH^-NlICeil iMe. 

Substituents in an acid, either aliphatic or aromatic, render 
the elimination of carbonic anhydride more easy. Acetic acid 
at 390^ is unchanged, whereas malonic acid, CH2{C02H)2, 
readily eliminates carbon dioxide at much lower temperatures; 
nitroacetic acid and hot water yield nitro-methane and car- 
bonic anhydride, and this acid is an intermediate product in 
the formation of nitro-methane from chloracetic acid and 
sodium nitrate. 

The introduction of the nitro-groups into benzoic acid gives 
.‘f-trinitrobenzoic acid, which is quantitatively converted into 
^-trinitrobenzene when boiled with water, and this serves as 
the most convenient method for preparing the nitrated hydro- 
carbon. 

0- and p- hydroxy groups also facilitate removal of COg, e.g. 
resorcinol is formed when 2 : 4-dihydroxy benzoic acid is boiled 
with water. 

There is considerable diflerencc in the readiness with which 
the acids (1) CelT^-CH./COoII; (2) 

C H 

(3) * ‘^CH COjH; (4) Cen^ CIhCII COaH lose carbonic 

anhydride: (1) at 350^-375'^ gives toluene; (2) is only slightly 
changed at 370°; (3) readily yields fluorcne at 220°-230°, and 

(4) yields styrene when distilled very slowly. 

When an aqueous solution of cinnamic acid dibromide is 
warmed wuth aqueous sodium carbonate both HBr and COj 
are eliminated and a bromostyrene is formed: 

CeHj CHBr CHBr COs,H CeH^ CH .'CHBr + CO, -f HBr. 

A convenient method for eliminating carbonic anhydride 
is to heat the acid wdth pyridine, quinoline, aniline, or dimethyl- 
aniline. 

In practically all the above reactions the polarity of the 
substituent is an important factor; there are, however, re- 
actions which can be retarded by substituents of both acylous 
and basylous types, and it is probable that in such reactions 
the introduction of a group comparatively large with regard 
to the hydrogen displaced may so occupy the space around 
the reactive group that the reagent cannot easily come into 
contact with it. 



8TERIC HINDRANCE m 

This efiect of space-filling is often termed steric hindrance, 
but it should be borne in mind that polar factors also play 
their part in such reactions. 

Steric Hindrance 

This phenomenon was first studied in experiments on 
catalytic esterification. F. Meyer and Sudborough (B., 1894, 
510, 1580, 3146) observed that, although benzoic acid and 
most of its substituted derivatives are completely esterified 
when left overnight dissolved in, or in contact with, methyl 
alcohol saturated with hydrogen chloride or when boiled with 
a 3 per cent solution of hydrogen chloride in methyl alcohol; 
acids in which both or/Ao-positions are substituted yield no 
ester imder these conditions. 

The inhibition is characteristic of all substituents whether 
of acylous or basylous character, e.g. OMe, Me, Cl, Br, I, NO2, 
COgH, CN, &c. The view put forward was that these groups 
occupy space around the carboxylic group and prevent the 

.OMe 

formation of an additive compound OH , which, on 

\OH 

loss of water, gives the ester {Wegscheider). 

In harmony with this view is the fact that if the COgH 
group is removed from the ring by the interposition of 
•CHg'CHg, then an ester can be obtained in the normal manner 
even when o-substituents are present, thus ^-tribromophenyl- 
propionic acid, CgHgBrg’CHg-CHg-COgH, is readily esterified. 
Ijater experiments by Kdlas (Zeit. phys. Chem., 1897, 24 , 
221), by determining the velocity coeflScients of various 
substituted benzoic acids, proved that one ortho-substituent 
has a retarding effect, and subsequent investigations have 
proved that retardation of esterification by the introduction 
of substituents in close proximity to the carboxylic group is 
very general. In the normal fatty acid series formic acid is 
most readily esterified and the velocity coefficient then falls 
and becomes practically constant at butyric and from C4 to 
Cjg the value is practically the same. The introduction of a 
substituent, e.g. methyl or halogen, has the greatest retarding 
effect in the a-position, a less effect in the )9-position, and has 
practically no effect when in the S-position, or still further 
removed from the carboxylic group. 
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A study of substituted acetic acids shows that all sub- 
stitueuts produce a retardation, two a still further retardation, 
and three substituents, e.g, C(CH 3 ) 3 'C 02 H, CGls-COgll, or 
CPh-j-CO^H, produce acids which esterify very slowly. 

The introduction of an oleline link into a fatty acid has a 
marked effect in lowering the velocity of esterification when 
in the ajS-position, in the ^y-position it produces a slight in- 
crease in the rate as compared with the corresponding fatty 
acid, and when further removed from the carboxylic group has 
no effect. 

The introduction of methyl groups into methyl hydrogen 
succinates lowers the esterification constant, and similarly 
methyl and other groups retard esterification in the case of 
crotonic acid. A comparison of ds and tram pair of stereo- 
isomerides shows that a substituent cis to the carboxylic group 
has a more marked efiect than when trans to the group. 

These phenomena are observed when the catalytic process 
of esterification is used. With the direct method of esterifi- 
cation polar effects are very marked; as a rule, the stronger 
the acid the more readily it reacts with an alcohol, thus oxalic 
and tartaric acids react with alcohol without an acid catalyst, 
and even trichloracetic acid reacts with alcohol more readily 
than the unsubstituted acid. 

Other methods for preparing esters, e.g. action of alkyl 
iodides on the silver salts of the acids or of alcohols on 
the acid chlorides, can be used even in the case of diortho- 
substituted benzoic acids. 

This retardation or even complete inhibition of esterification 
is of practical value: 

(1) In the separation of acids. By using the Fischer^Speier 
method the one acid can be completely converted into an ester, 
whereas a large part of the other acid can be recovered 
unchanged. It is a method which has been used for 
separating a mixture of an a/S-unsaturated acid with the 
isomeric ^Sy-acid. 

(2) For confirming the structure of a given acid; thus an 
aromatic acid which is readily esterified by the usual process 
cannot have its substituents in the two ortho-positions 
(Chap. XXVI, C.). 

With polycarboxylic aromatic acids the carboxylic groups 
which are not diortho-substituted are esterified, but those 
with two ortho-substituents are not, thus the s-tricarboxyUo 
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acid gives a trimethyl ester, but the 1:2: 3-tricarboxylic 
acid a dimethyl ester. 

Steric hindrance is also observable in the naphthalene and 
anthracene series; thus 2-chloronaphthalene-l -carboxylic acid 
is not esterified, whereas the isomeric l-chloro-2-carboxylic 
acid yields an ester as one of the o-positions has no substituent. 

Similarly anthracene-9-carboxylic acid and 9-chloro-lO- 
carboxylic acids do not yield esters, whereas the 1 -carboxylic 
acid and the 2-chloro-3-carboxylic acid are readily esterified. 

Steric inhibition has also been observed in the catalytic 
esterification of acids derived from heterocyclic systems, e.g. 
indole {Auwers, A., 1929, 467, 57). 

Polar effects also are observable in catalytic esterification, 
and may strengthen the steric retardation or may lessen this 
according t<3 the polar nature of the substituents present. Thus 
both trimethyl- and trichloro-acetic acids esterify very slowly, 
but the enormous difference between the two rates cannot be 
attributed to the difference in space-filling, of the chloro and 
methyl groups, but is largely due to the electron -attracting 
(acylous) 01 atoms augmenting the steric effects, whereas the 
electron-repelling (basylous) methyl groups tend to diminish 
their effect {Hinschlewood and Legard\ J. C. S., 1935, 537, 
1588). 

Steric retardation has been observed in the hydrolysis of 
aromatic esters by mineral acid and even in the hydrolysis of 
aromatic acyl chlorides, nitriles and acid amides, although 
in these latter cases polar effects play an important part. 
Steric hindrance has also been observed in the hydrolysis of 
substituted malonic esters and malonamides. Thus two ethyl 
groups in malonamide have a greater retarding effect than 
two methyl groups, and the n-propyl group has the same effect 
as two methyl groups. Similarly, triphenylacetamide, 
CPhg • CO • NHj, dibenzylmethylacetamide, benzyldimethyl- 
acetamide, and methylphenylamino-phenylacetamide, MePhN* 
CHPh-CO’NHj, are difBcult to hydrolyse. 

The introduction of two o-methyl groups into acetanilide 
also produces a product extremely stable towards boiling 
hydrochloric acid. 

Ortho-substituted benzonitriles are not readily saponified, 
but treatment with concentrated sulphuric acid converts 
them into acid amides which yield the corresponding acids 
by treatment with nitrous acid. The same nitriles cannot 
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undergo alcoholysis to esters (A., 1928, 467 , 158), and similarly 
aromatic nitriles with ortho-substituents or ali 2 )hatic nitriles 
with several substituents in the a-position do not yield iminO' 
ethers (Chap. VII, E and G). 

Steric hindrance is extremely marked in the reaction 
between aromatic tertiary amines and alkyl iodides (formation 
of quaternary ammonium salts (Chap. XXI, D.). Fischer (B., 
1900, 345, 1967) showed that the introduction of two or/Ao-sub- 
stituents completely prevents the formation of an ammonium 
salt, and similarly di ortho-substituted anilines do not yield 
alkylthiocarbimides with thiocarbonyl chloride (J. C. S., 
1926, 3041). Alkyl groups in both ortho-j)ositions in a dialkyl- 
arylamine prevent the formation of an oxide (Chap. XXI, C.) 
{Bamberger and Kvdvlf, B., 1906, 4285). The formation of a 
para nitroso derivative is also inhibited by the presence of 
two ortho-substituents (Cl or CH 3 ) {Von BrauUy B., 1918, 
282), and the formation is also prevented by the presence of 
a tertiary alkyl group in CcH^-XRR' {Hickinbotkam^, J. C. S., 
1933, 946). 

Many of the characteristic reactions of ketones exhibit 
steric retardation. Thus the ketone, Me-CO-CMcg, yields only 
5*6 per cent of bisulphite additive compound, whereas under 
similar conditions acetone gives a 60 per cent yield. 

In the reaction of ketones with hydroxyiamine and phenyl- 
hydrazine the accumulation of sub.stituents around the car- 
bonyl group or the presence of ortho-substituents in an aro- 
matic ketone completely inhibits the formation of oximes and 
phenyl hydrazones. 

Substituents in the p-benzoquinone molecule retard oxime 
formation, the 2 : 6 -dichloro compound forms a monoxime 
readily but a dioxime with great difficulty, and compounds 
with three or four substituents do not yield oximes. 

Similar efiects are observed in the formation of phenyl- 
hydrazones. A single ortho-substituent like picrylamino, 
• 1 ^C 3 H 2 (N 02 ) 3 , can completely prevent the formation of a 
phenylhydrazone, whereas in the para-position it has not the 
same effect. 

A comparison of ketonic acids Cgllg-CO'COgH with ketones 
CjHg'CO’CHj shows that ortho-substituents in the former 
have not the same inhibiting effects as in the latter. 

Steric retardation is met with in the conversion of ketones 
to tertiary alcohols with the aid of Grigna/rd reagents, with 
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compounds of the types (1) CR3*CO*CirE2 (2) CR3-CO-CR3; 
the reaction is normal and no by-products are formed when 
R = CH3. When R ==- CgHTs the reaction proceeds less readily, 
but the Pr“ group has much the same eSect as Me, whereas 
pr**® has a much greater retarding effect than Et. Compounds 
of type 1 react more readily than corresponding compounds 
of type 2 (B., 1937, 599). 

The presence of several negative groups in iodobenzene, 
e.g. tetra- and pentachloro-iodo benzene, prevents the forma- 
tion of iododichlorides (Chap. XIX). 

1 : 4-Dibromo paraffins as a rule react with ammonia yield- 
ing cyclic bases, viz. the pyrrolidines, 

ClIa-CHo. 

BrCHj CHa CHa-CH oBr -> | ‘ 

whereas the compound o-CgH^(0n2Br)2 reacts in the same 
way as a 1 : 2-dibromo compound yielding o-C6n4(Cn2*NR2}2 
(7. Braun, B., 1908, 2158). 

Two o-substituents prevent the hydrolysis of phenacyl- 
pridinium salts with sodium hydroxide at 20°, whereas with 
m- and p-substituted compounds the reaction is markedly 
polar (B., 1937, 862). 

Steric hindrance has also been noted with Grignard com- 
pounds (B., 1929, 62, 1379; C. R,, 1932, 195, 252). 


XXXVIL AROMATIC SUBSTITUTION 


HiiJmer (1875) and Noelting (1876) were the first to point 
out that certain aromatic compounds yield a mixture of 0 - 
and p-derivatives on nitration or sulphonation, whereas other 
compounds under similar treatment yield ^i-derivatives. An 
enormous amount of work has been done on substitution and 
on the isolation and estimation of the various products formed 
under slightly different conditions. Hollemann's researches 
(Die direkte Einfiihning von Substituten, 1910) prove that 
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although in many casos the main product is a mi.xture of 
0- and /?-compounds, yet frequently a small amount of m* 
product is also formed, and that the conditions affect the 
relative proportions of isomers formed. At 0"^ benzoic acid 
yields 80*2 per cent of m-, 18*5 of o-, and only 1*3 of ^-nitro- 
benzoic acid; at 30° nitrobenzene yields 91 per cent of 
8 of o* and 1 of p-dinitrobenzene. Reese (Chem. Rev., 1934, 
55) gives a rAsuni^ of all the facts known with regard to the 
products formed by tlie halogenation, nitration and sul- 
phonation of benzene compounds containing the following 
substituents: COgll, NO^, SO3H, Me, OH, NKg, Cl, Br and I, 
and under varying conditions of concentration, temperature 
and pressure. The products isolated may not be the initial 
products formed, but may be due to the isomerization of these. 
Thus in the sulphonation of benzoic acid an intermediate 
product is apparently the o-sulphonic acid which, under the 
conditions of the experiment is transformed into the m-acid 
(J. A. C. S., 1932, 2CX)9). In the nitration of benzene-sulphonic 
acid the main })rodiict is the m-compound, but a rise of tem- 
perature from 25° to 55° increases the proportion of 0-, and at 
150°-160° the f>roport.ion3 of m- and o-compounds are 40 and 
27*4 per cent. Rexfse gives the results of nitrating benzene 
derivatives contiiining 55 different groups, and points out that 
the reactions fall int^) 3 categories: (1) Where practically 
only 1 product is formed. (2) Where roughly equal amounts 
of two are formed to the exclusion of the 3rd. (3) Where 
all 3 isomers are formed. Whenever the percentage of either 
m- or p- preponderates the principal secondary product is 
always the o-compound, hence presumably a substituent is 
either 0 and p ot 0 and m directing. 

If, on the other hand, the o-compound is the chief product, 
the secondary product is always the p-, and never the m- 
compotmd. An extremely interesting example of the effect 
of conditions on nitration is met with in the case of benzaldehyde 
which forms the definite compound, C^Hg’CHO, HNO3, and 
this on treatment with H2SO4 + HNO3 gives the m-nitro- 
benzaldehyde, but with AcjO + HNOg the p-compound, 
accompanied in both cases with traces of the o-isomer (Z. 
angew., 1932, 580). Ainley and (J. C. S., 1930, 

2171), by nitrating phenylboric acid, obtained 72 per cent of 
m-, and 28 of mix^ o- and jp-compounds, whereas Seaman 
and Johnson (J. A. C. S., 1931, 711), by using a mixture of 
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AcgO and fuming nitric acid, obtain a 65 pm* cent yield 
made up of 95 ortho and 5 para. Toluene and /c^•^hutylchloride 
with AICI 3 give m- and j 9 -ter^>butyltoluenes in the ratio 70 : 30, 
although the group is usually regarded as para-orientating 
(J. C. S., 1930, 2231). 

It is possible that reversed directive effects are due to a 
difference in the mechanism of the reaction. In some cases 
the reaction may be direct substitution, in others an additive 
compound may be first formed [Blanksma, Rec. trav., 1902, 
281 ; 1904, 202). 

As a rule an increase in temperature increases the propor- 
tion of o-comj)ound, especially in nitrations. In sulphonations 
the reverse is true, the proportion of p- increases with the 
temperature, due to the fact that the 0 - changes to the p- at 
the higher temperatures. 

Several empirical rules have been formulated embodying 
the 0 -, p- and m-orientating effects of different substituents. 

The Crum-Brown-Gibson rule (J, C. S., 1892, 367) states 
that whenever a benzene compound CQH 5 X contains a group 
X whose hydride is readily oxidizable by a 07?e-stage process 
to X'OH, then C^HgX gives a meta disubstituted derivative, 
whereas if HX is not directly oxidizable to X’OH the product 
is a mixture of 0 - and p-corapounds. This rule has been 
modified by Waters to read as follows: “ If the group X is 
more stable in its compounds with H than with OH, e.g. 
Cl (Ha and HOCl), NHg (NH3 and NHgOH), OH (H-OH and 
OH- OH), then it is 0 - and p-directing, but if the reverse is true, 
e.g. NO 3 (HO-NO 2 and H-NO^), CO^H (OH-CO-OH and 
H-CO-OH), then X is m-directing (Physical Aspects of Organic 
Chemistry, Chap. XVI, IB), and from this it is clear that the 
polar characteristic of the group X is the determining factor. 
A rule propounded by Hammick and Illingworth (J. C. S., 
1930, 2358) reads as follows: “If in the benzene derivative 
C^Hg-XY, Y is in a higher group of the periodic table than X, 
or if, being in the same group, Y is of lower atomic weight 
than X, e.g, X = C, Y — 0, or X ~ N, Y = 0, then a second 
atom or group of atoms that enters the nucleus will do so in the 
m-position to the group -XY.*' In all other cases, e.g. X = N, 
Y — H, or X 0, Y H, including that in which -XY is 
a single atom, the second group goes to the 0 - and p-positions. 
The effect of ionic charges on XY is given by the statement 
that a -h charge directs m- and a — charge 0 - and p-substitution. 
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Sutton (P. Roy. S., 1931, 133A» 668) points out a relation- 
ship between the directive influence of a substituent X and 
the sign of the difference between the dipole moments of 
aryl X and alphyl X. When the difference is positive, X is 
o- and jp'directive, but when negative w-directive (cf. also 
Groves and Sugden, J. C. S., 1935, 973, who used the vapour 
phase as compared with Sutton's solutions in benzene). The 
rule holds good for CH3, F, Cl, Br, I, CN, NOg, CO-CHg, com- 
bined with Cellg as the aryl and tertiary butyl as the alphyl 
group. 

When two or more substituents are present it is not always 
easy to predict the position which a new group, e.g. NOg, 
Br, will assume. The groups present may have opposing effects 
on the entrant, or they may have a cumulative effect. In such 
cases Hollemann's list of relative magnitudes of the directing 
powers of substituents is of value. These values are largely 
based on the relative speeds of nitration at 0"^ with fuming 
nitric acid. 

o- and p-Directing groups in decreasing order are OH, NHg, 
NRg, NHAc, Cl, Br, CH3, alkyl, I. 

w-Directing groups in decreasing order are COgH, SO3H, NOg, 
and all are much less effective than the o- and p-directing 
groups. In fact, compoimds with 0- and p-orientating groups 
are more readily substituted than benzene itself, whereas 
those with m-orientating groups are much more difficult to 
nitrate, sulphonate or halogenate than benzene. Compare 
Vorlander, B., 1919, 263, who gives the following classification: 

1. Meta-orientating: S03H,N0a, CHO, COgH, COgR, CONHg, 
COR, CO COgH, CN, CCI3, NH3X, NR3X. 

2. Ortho- and para-orientating: OH, OR, OAc, NHg, NHR, 
NRg, NHAc, N:N, CH3 and alphyls, CHgCl, CHg-O-NOg, 
CHgSOgH, CHgNHg, CHgCN, CHgCOgH, CHg CHg-COgH, 
CH:CH-COgH, CH:CH-NOg, CiC COgH, CeH^. 

(For substitution in veratrole (1 : 2-dimethoxy benzene) cf. 
Jones and Robinson, J, C. S,, 1917, 903.) 


OMe OMe OMe 
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OMe OMe OMe OMe 



Both Armsiron^ and Uollemann have suggested the formation 
of additive compounds by the addition of the reagent to 
double bonds in the aromatic compound, and in o-substitution 
this addition occurs in the 1 : 2-po8itions and in jo-substitution 
at the 1 : 4-position8 of the conjugated system, and followed 
in the case of nitration by the elimination of HgO. In a few 
cases actual additive products of an olefine and nitric acid, 
OH'NOg, have been isolated, and anthracene gives an additive 
compound with nitric acid. Similarly, it is possible that in the 
Friedel~C rafts reaction addition occurs at a double bond followed 
by elimination of hydrogen chloride, and also in the coupling of 
a phenol or amine with a diazonium salt (Chap. XXII, A.) the 
formation of an additive compound is highly probable as, when a 
phenolic ether is used, some replacement of OMe by OH occurs, 
e.g. a-naphthol methyl ether with a diazonium hydroxide 
gives both 1 : 4-CjoH6(OMe)(N2Ph) and 1 : 4-CioH«(OH)(N2Ph), 
which are probably formed by the elimination of H-OH and 
Me*OII respectively from the additive compound: 

HO OCH, 
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In a previous chapter (XXXV) reagents have been classified 
into the two groups cationoid and anionoid,and in aromatic sub- 
stitutions practically all the reagents used, e.g. halogens, nitric 
and sulphuric acids, belong to the former group, and hence 
reactions will occur and have orientations depending on the 
relative electron densities of the dilTerent carbon atoms of 
the nucleus, those with the greater density being the more 
reactive. These densities are influenced by inductive and 
tautomeric (electromeric) effects in the molecules, i.e. in the 
case of substituted benzenes by the electromattracting +1, 
or electron-repulsing effect of the — I, •-'T substituents. 
These effects will be the most marked on neighbouring C, 
i.e. ortho carbon atom, and can be transmitted along the con- 
jugate system of the benzene ring to the para C atom. Thus 

the 0 ion present in the alkali salt of a phfmol will have 
the strongest electron-repulsing effect and hence will produce 
an appreciable increase in electron density on tlie ortho and 
para carbon atoms, and therefore will induce marked o- and p- 
orientation in processes of nitration, 8ul[>honation and halo- 
genation. 

+ 

A cation NMcj present in the ring will produce strong elec- 
tron attraction, and hence tend to withdraw electrons from 
the nucleus more particularly from the o- and p-C atoms, an<l 
hence the mc^a-positions will be those more readily attacked, 
but then only slowly. Other onium ions, e.g. sulphonium, 
iodonium, phosphonium, arsonium, have similar w-directing 
effects. 

An increase in the distance of such an ion from the nucleus 
by the interposition of CHg groups produces marked results 
on the amounts of m- or o- and p-compounds formed; thus on 

nitration Cellg-NMeg yields 100, C^Ilg-CHg-NMc^ 88, and 

C0H5-CH2*CH2’lsTVIe3 only 19 per cent of m-derivative, thus 
illustrating the diminution of the inductive effect through a 
chain of carbon atoms. Inductive effects are also well marked 
in the series of compounds C^Hg-CHgX on nitration; the 
percentage of m-nitro-compound increases in the order H 4, 
Br 7, Cl 12, F 18, and NOg 48. 

Actual experiment shows that op-effects diminish in the 
order OH, NHg, halogen, methyl, and m-directing effects in 
the order CO^H, SO3H, NOg. 
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Co-ordinate or semi-polar 
are highly polar, e.g. : 





links, e.g. — NO 2 and — SOjR 


-.S 0 




O, 


with a positively charged atom directly attached to the nucleus, 
and hence m-orientation occurs, but the interposition of C/Hg 
betwt'cn the NO.^ group and the nucleus diminishes the m- 
orientating influence of the nitro-group. 

The pr(*acnce of an ethylene link in the substituent, e.g. 
styrene C'QH 5 -Cn:CH 2 and also diphenyl where the 6 double 
bonds are conjugate, leads to increased activity and distinct 
op-orientating effects which persists in such compounds as 
PhCII:CIIN02, PhCH:C(CN)-C02Et, PhCH : CH*C^H3(N02)2, 
&c., which might function as cationoid systems. (For diphenyl 
derivatives cf, J. C. S., 1926, 476, 2041; 1930, 1158.) 

With a het(uo atom 0, S, N, halogen, attached to the nucleus 
a heteroenoid conjugated system (Chap. LI, C2) is formed, and 
compounds like ])henoi, anisole, aniline, chlorobenzene are more 
readily })rominated or nitrated than benzene, and almost 
exclusively in the 0 - p-positions, and the reactivity of groups 

diminishes in the order RN — , 0 — , RgN — , RO — , I, Cl, and 
in general is greater the greater the proton affinity of the 
group. 

Amongst derivatives of amines the order is NRg > NHj > 

NHAc, and amongst phenols O > OH > OAc. 

Phenols and amines contain such powerful heteroenoid 
systems that they are attacked by even feeble cationoid 

reagents like nitrous acid and diazonium salts (NaPh). 

Some of the most accurate measurements of the chlorina- 
tion of phenols have been made by S(yp€r and Smith (J. C. S., 
1926, 1682), using the hypochlorous acid method in acid or 
alkaline solution, and the results show that the reaction is 
between phenoxide anions and hypochlorous acid molecules, 
and for different phenols the product (velocity of chlorination 
X ionization constant of phenol) is practically constant, indi- 
cating that the anion derived from the more acidic phenol 
(nitro, &c.) are less reactive. Experiments with compounds 
where R represents alkyl group Me, Et, Pr, Bu®, 
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CHgPh, Ac, and X represents p-COoH, o-Cl, show 

that the rate of chlorination for a given alkyl compound is 
independent of the second substituent X, i.e. the electromeric 
activation by the particular group R-O — is independent of 
other substituents, and similarly it has been shown that the 
inductive effect (4- 1) of a group X affects the velocity by a 
constant amount. 

Generally speaking, a substituent which induces a positive 
dipole in an aromatic ring, e.g. CH3, Oil, NH^, Cl, Br, I, 
CHgCl, has o- and jo-directing effects and a group which in- 
duces a negative dipole, e.g. OCI3, COCH3, CHO, CN, NOg, 
a meta-directing effect {Sutton^ p. 636). 

A phenomenon frequently observed during substitution is 
the replacement of a group already present by the substituting 
reagent. A well-known example is the bromination of sul- 
phanilic acid. If care is taken the 2 : 6-dibromo-sulphanilic 
acid, with the two bromines ortho to the NHg group and the 
•SO3H para to the NHg, is formed; but with a slight excess 
of bromine the product is s-tribromaniline, the ‘SOgH group 
being replaced by Br. (For summary of such replacements 
cf. Sudborough and Lakhumalaney J. I. I. S., 1914, 133.) 
Groups which are replaced by Br, NOg are SOgll, COgH, 
•CHO, -CO-CHg, i.e. m-directing substituents, and halogen by 
nitro-groups, but always in ortho- or para-positions to an OH 
or NHg group, and Robinson claims (loc. cit. p. 71) that such 
replacements are explicable from the electronic point of view. 


Gationoid Reactions of Aromatic Compounds 

As already pointed out (Chap. XXXV) in the great majority 
of reactions benzene derivatives behave as anionoid compounds 
and readily react with cationoid reagents. By introducing 
suitable groups the aromatic compound can be given cationoid 
properties, and will then react with anionoid reagents. A 
nitro-group in benzene produces this effect, as a cationoid 
conjugate ^stem is developed and a tendency to attract 
electrons from the benzene ring. Hence the hydrogen atoms, 
o- and p- to the nitro-groups should be reactive towarda 
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anionoid reagents. A good example is the action of strong 
alkalis (OH) on nitro-benzene to form o-nitro-phenol. 

Co cn-cH + 0 _ 


H Oil 


ciir' \c 

('H CH ^ 


.0 


H -f CHf 


■CH--C(OH): 




'OH--OH — ^ 


^C-~N; 




With more than one nitro-group present, e.g. w-dinitro- 
ben^icne, the reaction takes place more readily and the H 
ortho to both NOg groups is readily replaced by ON. 

Other meta -directing substituents such as CO have the same 
effect. The conversion of anthraquinone into alizarin by 
fusion with potash is another example, and as a rule the 
elimination of H is facilitated by the addition of an oxidizing 
agent. Here the carbonyl group is conjugated with the ben- 
zene rings and the catio-enoid system C*C-^0) formed 

(p. 837). 4 8 a 1 

The formation of 1:2: 4-triacetoxy benzene, CeH3(0Ac)3, 
by the action of acetic anhydride and sulphuric acid on benzo- 
quinone is an example. The reaction consists in the addition 
of Ac to 1 and OAc to 4 in the catio-enoid system (numbering 
see above), the subsequent enolization of the additive product 
and the acetylation of the resulting enol: 


0 0 OH OAo 



Substituents in the benzoquinone molecule have a pro- 
nounced effect. Thus methoxyquinone is more reactive to 
acetylation than quinone as the methoxy group produces a 
more or less neutralized system with the one catio-enoid 
group •C(0Me):CH’0=^0, and hence renders the other group 
•CH:CH*C:0 more reactive. The 2 : 5-dimethoxyquinone, on 
the other hand, does not react with the acetylating reagent 
as both catio-enoid systems are neutralized. Alkyl groups 

( B 460 ) 22 
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react somewhat similarly but are weaker, and their eilect 
increases in the order Me, Et, Pr(iso). 

The substitution of H by OH or Ac does not, as a rule, take 

place readily, as the H is eliminated as the unstable anion 11 , 
and occurs only when an oxidizing agent is present to discharge 
this. If, however, a substituent is present which can form a 

stable anion, e.g. Cl, NOg, this can be readily eliminated from 
a catio-enoid system. Thus the chlorine in 2 : 4-dinitrochloro- 
benzene, i.e, ortho to one NOg group and jyara to the other, is 
remarkably reactive and can be replaced by OH, ON, NHg, 
&c,, and with s-trinitroch loro-benzene the reaction takes 
place still more readily so that the compound possesses the 
properties of an acid chloride and is known as picryl chloride: 


01 Cl Cl OH OH 



Substitution in Heterocyclic Compounds 

Pyrrole (Chap. XL) is extremely readily substituted by 
cationoid reagents, e.g. with halogens it readily yields tetra- 
halogenated compounds. According to Robinsoyi the jS-position 
is analogous to the orfAo-positions, and the a-position to the 
j>ara“po8ition in aniline or phenol. 



Pyrrole Aniline P3rrrole 


Pjmdine and quinoline are not readily attacked by 
cationoid reagents, and in this respect resemble nitrobenzene; 
on the other hand, they are substituted by anionoid reagents, 
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e.g. pryidine and sodamide yield a-aminopyridine, and also 
the formation of pseudo bases by the action of alkali on a 

quinoline salt is a case of anionoid substitution (OH) and 
subsequent photo tropic change* 


Substitution in Condensed Benzene Systems 

Naphthalene at low temperatures usually yields a-sub- 
stituted derivatives, sometimes preceded by 1 : 4 -addition, 
e.g. chlorine gives naphthalene dichloride which by loss of 
HCl yields the more stable a-chloro-naphthalene. 

If an OH or Nllg or CH3 group is already present then the 
second substituent Cl, NOg, SO3H, <fec., will enter the same 
ring as the OH or NHg group, and this latter group will exert 
0- or p-directirig influences. Thus a-naphthol or a-naphthyl- 
amine will yield both 2 and 4 substituted products, and jS- 
naphthol or ^-naphthylamine will yield only 1 -substituted 
derivatives but not a 3-8ubstituted compound. With groups 
other than OH and NHg present the substitution occurs in 
the second ring. 

When a substituent enters the second ring it usually takes 
up the a-positions, i.e. 5 or 8, independently of the polar 
nature of the substituents already present in the first ring. 
This may be due to the polar action of the one conjugated 
system on the other. When, however, an 0-, p-directing sub- 
stituent is present in position 2, then the second group often 
takes up position 6. Thus in the nitration of 2-chloro-, bromo- 
or alkyloxy-naphthalenes the products are usually 2:6:8- 
trisubstituted derivatives, and the same holds good for the sul- 
phonation of /S-naphthol or /9-naphthylaraine. 

In brominating /3-naphthol quinonoid compounds are formed 
by direct addition; these contain active bromine atoms, but 
on the loss of HBr yield a bromo-j3-naphthol : 



(A., 1930, 484, 245). 
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Diphenyl. — In contrast to naphthalene electromeric changes 
do not tend to pass from ring to ring, although the molecule 
presents a complete conjugated system. All compotinds of 
the type CeIl 5 *CgH 4 X, whatever X may be, yield derivatives 
substituted in the o- or p-position to the bond linking the two 
phenyl groups. Thus all three mono-nitro diphenyls on further 
nitration yield a 4' or a 2' product. If an NHg or OH group 
is present this produces o- or p-substitution in the same ring ; 
this 4-amino-diphenyl gives as first product the 3-substituted 
product and 3-amino-diphenyl gives a 4-substitution product. 
A nitro-group on the other hand gives rise to a product sub- 
stituted in the second ring. 


XXXVIII. MOLECULAR REARRANGEMENT* 

Numerous examples have already been given of the migration 
of a radical or atom within a molecule. The simplest type of 
such migration is met with in racemization (p. 293, Chap. X), 
where the migrating radical is attached, in the initial and in 
the final compound, to the same carbon atom, but has changed 
its position relative to the other groups attached to this central 
atom. Analogous to this is the Walden inversion, where 
starting with the d (or 1) form of a given compound it is pos- 
sible by a series of reactions to obtain the corresponding 
antipodes (Chap. LXXI, 14). 

In other types dealt with in this chapter the radical no 
longer remains attached to the same atom, but migrates and 
becomes attached to an adjacent atom or even to one further 
removed. 

As a rule these rearrangements are not reversible, and in 
this respect differ from tautomeric changes {Chap. LIII). 
When the rearrangement takes place readily it is quite possible 
that the migration occurs during the preparation of a com- 
pound, so that a structure deduced from that of the original 
compound may be incorrect. 

The rearrangement always occurs ^vith a decrease of free 
energy, and in some cases intermediate compounds can be 


• C. W. Porter, MifUadar Rearrangement, New York, ISSS. 
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isolated. Thenc rearrangements are due to the migration of 
one or more radicals, and it is customary to classify rearrange- 
ments into the following types: 


A. Migration from C to C. B. Migration fron) N to C. 

C. Migration from C to N. D. Migration from 0 to C. 

E. Migration from 0 to N or N to N. 

F. Migration from I to C. 


A. Migration from C to C 

1. Pmacone-pinacolm transformation or Pinacol-pinacolone 
transformation.* 

This is one of the commonest of the C to C changes, and 
occurs when an ajS-glycol (pinacol), obtained, together with a 
secondary alcohol, by the reduction of a ketone, is warmed with 
sulphuric acid when water is eliminated (p. 223): 

OH CMe, CMe, OH CMe,'CO Me. 

( 3 ) 0 ) ( 3 ) ( 1 ) 

It is clear that a methyl group migrates from carbon No. 1 
to carbon No, 2 . The reaction is a general one for all compounds 
of this type, and with pinacols containing two different alkyl 
groups it is found that one is more mobile than the other. 
Tijfenau (1925) represented the reaction as the removal of 
a molecule of water, the formation of a radical with two free 
valencies, and the migration of a methyl group in order to 
satisfy the free valencies. 

In all probability the reaction is ionic as it occurs in the 
presence of an electrolyte, viz. sulphuric acid. The glycol 

f 

forms a mono-sulphate which ionizes to HSO 4 and CMeg’CMej* 
OH. 

By the wandering of a negative methyl group from C(l) 

to C{ 2 ) the product CMeg’CMe-OH is fornaed, and this by the 

+ _ 

loss of a proton gives CMcj-CMe-O or CMej-CMe : 0 (cf . Kermak 
and Robimon, J. C. S., 1922, 427). 

* The mmefl pinacone and pinacolin are confusing as the former is a 
dihydric alcohol and the latter a ketone, hence the names pinacol and pina- 
colone have been suggested. 
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Analogous to the above reaction is the conversion of the 
di-secondary alcohol, hydrobenzoin (Chap. XXIX), into 
diphenylacetaldehyde under the influence of sulphuric acid: 

OH CHPh CHPh'OH H,0 + CHPha CHO; 

and intermediate between the pinacol and hydrobenzoin 
transformations is the reaction of the secondary-tertiary- 
glycol, OH-CEt 2 *CHPh*OH, which with hot dilute sulphuric 
acid gives CPhEtg-CH : 0, and with cold concentrated sulphuric 
acid gives EtCO-CHEtPh. 

An analogous migration occurs in the reaction of an a^- 
aminoalcohol with nitrous acid (M'Kenzie, J. C. S., 1924, 
2105): 

OH CPhMe CHPh NH, Me CO CHPh,. 

2. Bexudl-benzilic acid transformation (Chap. XXIX): 

Ph-CO CO*Ph + KOH OH CPh^ CO OK. 

This occurs in the presence of hot dilute alkali and may be 
due to the addition of OH to the CO group. 

3. Wagner-Meerwein Rearrangement.—The classical ex- 
ample is the conversion of pinene into bomyl chloride (Ter- 
penes, Chap. LVII, C.). The first stage is the addition of HCl 

to pinene forming pinene hydrochloride, the ionization into Cl 
and the unstable cation which undergoes change to the more 
stable bornyl system by a C to C change resulting in the for- 
mation of two 5-carbon rings in place of the original 4 C and 
6 C rings (Meerwein, A., 1927, 468, 16). 

Similarly esters of camphene hydrate give isobomyl esters. 

4. Isomerization of Aromatic Snlphonio Acids. — The pro- 
duct of Bulphonation of an aromatic hydrocarbon varies with 
the temperature; thus naphthalene at temperatures below 80® 
yields as chief product the a-sulphonic, whereas at 160® the 
jS-isomeride is mainly formed, and on heating the a-acid with 
concentrated sulphuric acid a mixture of a- and j3-acids is 
obtained. Similarly, the 2 : 7-disulphonic acid can be con- 
verted into the 2 : fi-isomeride, and in the case of sulphonic 
acids derived from a- and jS-naphthylamines there is a tendency 
for the acid group to zmgrate from the a- to the jS-position 
(Green and Vakil, J. C. S., 1918, 36). 
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In all probability this is not a direct migration, an intra- 
molecular reaction, but is due to the elimination of ‘SOgH 
of the a-compound and at the higher temperature the sul- 
phonation of the jS-position. 


B. Migration from N to C 

1. Hofmann transformation of the hydrochlorides of alphyl- 
arylamines: 

C.H^ NHMe, HCl CHa CeH^ NH^, HCl. 

When the hydrochloride is heated at 300° the alphyl group 
migrates from the nitrogen of the side chain to the o- or p- 
carbon atom of the nucleus (Chap. XXI, A.), and in many cases 
the same products are formed by heating the primary aryl- 
amine hydrochloride with methyl alcohol under pressure at 
300°. 

2. Bligration of an acyl group from a diacylated aromatic 
amine into the nucleus under the influence of acids: 

CJTa N(COCeH,), C,H, CO OeH. NH CO CeH^. 

3. Conyersion of phenylhydrozylamines to /^-hydroxy 
amines under the influence of mineral acids (Chap. XXII, C.). 

4. The migration of halogen from N in a N-chloro acet- 
anilide into the nucleus (cf . p. 433) : 

Cellj NCi COCH, C^H^CI NH CO CH*. 

5. The migration of a nitroso group from a nitrosoalphyl- 
arylamine or of a nitrd-group from a nitroalphylarylamine by 

heating with hydrochloric acid (Chap. XXI, B.): 

C, H»*NMe-NO p-ON C.H^ NHMe ; 

CeH^-NMe NO, NOj CeH^ NIlMe. 

6. The rearrangement of a diazoamino compound to an 
amino-azo derivative by aid of hydrochloric add: 

c.h,'NH n:n c,H8 c,H5 n:n c.h, nh, 

(Chap. XXII. B.). 
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7. The benzidine rearrangement of hydrazobenzene (Chap. 

XXII, C 2 ): 

C.H^ NH NH C.Hg -► NH2 C,H4 C*H^ NH„ 

a reaction which takes place in the presence of strong acids, 
the product being a pp'-diaminodiphenyl (benzidine). 

8. Steven’s rearrangement of anatemary ammonimn salts. 

In all these cases of the wandering of a radical from attach- 
ment to a side chain N to an o- or p-carbon atom of the nucleus 

"4" -f -4' "T 

it is postulated that a cation CH 3 , OH, Cl, Bz, &;c., is formed, 
probably with an extremely short bfe, the residual benzene 
anion undergoes isomeric change resulting in the 0 - and p- 
carbon atoms having strong anionic properties; the transient 
cation can then react with the activated o- and p-carbon 
atom or can, in some cases, act with the reagent. 

Thus in type 4 the Cl reacts with the HCl or Cl, forming 
molecular chlorine which can be shown to be present, and this 
chlorinatea the amine (non-reversible) or reforms the chloro- 
amine (reversible) (Orton and co-workers, 1911-28). The 
reaction is of value as the concentration of the chlorine is low 
and more is formed as it is used up, and hence phenols and 
amines, which cannot be chlorinated in the usual manner, can 
be readily chlorinated by using the N-chloramine and hydro- 
chloric acid. Decomposition of the chloro-compound also takes 
place readily in glacial acetic acid as the acid can liberate 
HCl from the chloro-compound. 

In reaction 6 there is no indication of the NOg reacting with 
the reagent forming a nitrating agent, so that the reaction is 
probably intramolecular and hence difierent from reaction 
4 which is intermolecular. 

+ ^ 4 - 

In reaction 1 CH 3 separates from the cation C^Hg'NHg-CHg, 
leaving a ring activated in the 0 - and p-positions and strongly 

anionic, so that it reacts immediately with the CH 3 cation. 

+ 

In reaction 3 the cation OH is formed, and the anionic 

nucleus by electromeric change becomes activated and the 

4 

p-position reacts with the OH forming p-amino-phenol. 

With a p-alkylated hydroxylamine a quinole is first formed, 



REARRANGEMENt OP DIAZO AMINO COMPOUNDS 649 


and from this under the influence of dilute alkali or dilute 
sulphuric acid the alkyl migrates, whereas alcoholic sulphuric 
acid causes a migration of the OH group: 


OH 



R 


In reaction 6 a fission of the diazoamino compound into 
primary amine and diazonium salt occurs (reversible) and 
these then react (irreversible) to give the amino-azo compound. 
The reaction is of the intermolecular type: 


C<,Ii, NH N:N CcH5 + -f CeH^N^Cl; 

+ CcH,N,C1->C.H,N:NC,IUNH,. 

The formation of the diazonium salt is proved by the fact 
that, in the presence of dimethylaniline, hydrochloric acid 
decomposes the diazoamino compound yielding p-dimethyl- 
amino-azo-benzene, NMe 2 -C^H 4 *N iN-C^Hg. 

Reaction 7 is complex and consists of two migrations: 


(1) C,H, NH NH C«H5 p-NH, C«H, NH 


viz. the migration of 'NHPh to a para-position; 


(2) NH, C,H4 NHPh -> NH^ CeH^ C^H^-NH,, 

viz. the wandering of NH 3 *C 4 H 4 * to the p'-position. 

A certain amount of ortho migration also occurs as 2:4'- 
diaminodiphenyl accompanies the benzidine (4 : 4'-diamino). 
When a para substituent is present in the original hydrazo- 

( B 4S0 ) 22 * 
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benzene only the first migration occurs, and the product is a 
para- or ortho-semidine : 


C.HiNH NH C^s 


H^N X. para 


p-X C.H. NH NH C.Hi 




ortho 


(Cf. Jacobson, A., 1922, 428 , 76.) 

The rearrangement of a mixture of 2 : 2'-dimethoxy- and 
2 : 2'-diethoxy-hydrazobenzene in the same solution yields 
only the two products 3 : 3'-dimethoxy- and 3 : 3'-diethoxy- 
4 : A-diaminodiphenyl; none of the mixed product 3-methoxy- 
3'-ethoxydiaminodiphenyl is formed, indicating that the 
reaction is purely intramolecular. 

In reaction 8, the transformation of a quaternary am- 
monium salt, a benzyl group attached to N is found to migrate 
to an adjacent C atom under the influence of alkali hydroxides 

or alkoxides, e.g. R'CHg-NR'Meg R-CHR'^NMcg, where 
R' = benzyl (Stevens, J. C. S., 1928-32). The migration has 
been observed in cases where R — acetyl, benzoyl, substituted 
benzoyl, phenyl or vinyl, and R' =« benzyl, substituted benzyl, 
a-phenylethyl, benzhydryl, 9-fluor6nyl or phenacyl. The 
reaction appears to be intramolecular, and probably an ex- 


tremely transient R' ion is formed. 

A similar migration occurs in sulphonium compounds, but 
not in the corresponding oxonium salts (ibid. 1932, 69). 


C. Migration from G to N 

The most carefully studied reaction of this type is: 

1. The Beckmann Transformation of Oximes (Chem. Rev., 
1933, 215). 

Oximes derived from ketones or the N-ethers of aldoximea 
under the influence of PCI5, POQla, HjjSO^, HCl, Acd, Ph^SOgCl, 
and even SbCI^ pass into acid amides (Beckmann, 1^6) : 

r,c:noh~>rconhk. 
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An unsym metrical ketone, R-CO-R', gives two stereo-isomeric 
oximes, 


RCR' ^ RCR' 

SOH HOS, 


and each yields a characteristic amide under the above treat- 
ment: 


rr^c:n 0H<^ 


R CO NHR' 
R'CONHR. 


Hantzsch (B., 1891, 13, 51) concluded that the transformation 
consists in the exchange of the OH group of the oxime with 
the alkyl group in the cis position, and based on this he de- 
duced the configurations of the oximes from the actual acid 
amide formed by the Beckmann transformation. These con- 
figurations have been proved to be incorrect by Meisenheimcr 
from a study of the relationship of the oximes to cyclic com- 
pounds, e.g. iso-oxazoles (cf. Chap. L, Cl), and it is now generally 
accepted that in the transformation trans and not cis exchange 
takes place. Mills (B. A. Rep., 1932) points out that trans 
migration in oximes can take place more readily than ds 
migration as the lattiir would be impeded by the N atom. 

Mechanism of the Reaction. — As the reagents producing the 
change are largely of an acidic character, it was suggested by 
Stieglitz and also by Lachman (J. A. C. S., 1924, 1477 ; 1925, 
260) that the change is ionic, and that the first stage is salt 
formation, e.g. chloride, acetate, benzoate, followed by re- 
arrangement of the cation (for details cf. Waters, pp. 354-356). 
It is found, however, that the esters formed from an oxime and 
the chloride of a strong acid, e.g. benzenesulphonyl chloride, 
undergo transformation in the solid state without the need of 
a catalyst or the formation of ions: 



N'OSOAHb 


C,H,S0,0^ 


:nr, 


and the latter with mineral acid is hydrolysed to the amide 
R*CO*NHR and C^Hg-SO^OH {Kuhara, 1926). The eflSciency 
of an acid chloride as a catalyst is directly proportional to the 
strength of the acid from which the chloride is derived, and 
the acetate ester can only undergo the Beckmann change in 
the presence of hydrochloric acid, i.e. a salt of the ester. The 



652 


XXXVIII. MOLECULAR REARRANGEMENT 


picryl ethers behave in exactly the same way (J. C. S., 1933, 
806; 1934, 1550; 1936, 448), and undergo spontaneous 

intramolecular rearrangement on heating. 

The transformation by the aid of hydrochloric acid is not 
the simple formation of the chloride ester (Cl replacing OH) 
and its transformation, as the chloride CRg’.NCl does not 
undergo the Beckmann change. According to Chapman {ibid. 
1935, 1223), who studied the change of benzophenone-oxime 
by HCl in ethylene dichloride solution, the change occurs in 
stages: (1) The slow formation of a small amount of bonzani- 
lide. (2) The reaction of this with HCl to give the imido 
chloride, 

PhCONHPh + HCl-vPhCClINPh + H,0. 

(3) Condensation of the oxime and imido chloride, 

CPh,:N OH PliCCi:NPh-H.CPh,:N O CPh;NPh + HCl. 

(4) The formation of the cation CPh2*N*0*CPh :NHPh. 

This cation has the strongly electron-attracting group 

•CPh:NIIPh corresponding with the CgH^-SO^ group. 

It is highly probable that the rearrangement of esters 
may be due to powerfully acylous OX groups in compounds 
R 2 C:N* 0 X (esters of strong acids) or to the formation of an 
electron-attracting cation by salt formation or by both. The 
C ethers of oximes, which are not basic, do not undergo the 
Beckmann transformation. 


2. The Ho&naim Degradation. 

This has already been referred to and consists in the con- 
version of an acid amide into an amine with one carbon atom 
less, the intermediate product being an isocyanate (p. 211): 



+ HBrO R Cf R N:C0 ^ H,0 R NH,. 

^NHBr 


Analogous reactions are the conversion of a hydroxamic 
acid, E*CO*NH OH, by the loss of water into an isocyanate 
and then into an amine {I^yssen reaction, 1877), and the de- 


gradation of an acid aaide R* 



to an isocyanate, and hence 
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to an amine (Curtim degradation, 1901). AJl three reactions 
are characterized by the loss of carbon dioxide and the for- 
mation of an amine by the migration of an alkyl group from 
C to N. All three reactions take place in alkaline solution, 

and may be due to the action of OH on the CO group. 


D. Migration from O to G 

1. Urea Formation. — The formation of urea by heating 
ammonium cyanate (Chap. XIII, C.) involves the breaking of 
an N-0 bond and the formation of an N-C link: 


NH^OC : N NHa-CONH,, 
^ 


2. Transformations of AUyl Ethers. — Certain aryl allyl 
ethers when heated to 230° change over into j)-allyl derivatives 
of phenols. One of the best-known examples is the conversion 
of guaiacol allyl ether into eugenol {2-hydroxy-5-allyl-toluene) : 

o-CJl^Me OCjHj CsH. CeH^Me OH. 


The allyl ether of phenol behaves in the same way, and by 
repeating the process, i.e. by converting the allyl phenol into 
its allyl ether and heating it is finally possible to obtain 2:4:6- 
triallylphenol. 

The migration has been studied in the naphthalene series, 
where it has been found that /3-naphthyl allyl ether I re- 
arranges to l-allyl-2-naphthol II, but 1 -ally 1-2-naphthyl allyl 
ether III does not suffer a migration of C3H5 from 'OCgHg in 
position 2 to position 3: 





where. R « allyl. 

These facts have been used as an argument in favour of the 
symmetrical structure for naphthalene (Chap. XXXI), as in 
other cases the allyl group can only migrate to the adjacent 
carbon atom united by a double bond to the :G*OR group; 
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thus vinyl allyl ether IV at 250® yields allyl-acetaldehyde or 
t^nolir form: 

rv. 0H,:cH-0*pHj, cH:cHa v. ct 4 :ch.cHj*ch:ch-oh. 

^ — ' 

(For discussion cf. Baker and Lothian, J. C. S., 1935, 628; also 
Hurd and Pollack, J. Org., 1939, 550.) 

3. Kolbe’s Synthesis of Aromatic Hydroxy Acids.-— The 

conversion of the sodium derivatives of phenols into sodium 
salt of hydroxy«benzoic acids, with the formation of phenyl 
esters, e.g. sodium phenyl carbonate, as an intermediate pro- 
duct, is a well-known example of this type of migration: 

CeHj ONa + CO, CA-O CO ONa OH OeH4 CO ONa. 

The commonest examples is the synthesis of salicylic acid 
(Chap. XXVI, A3). 

Other phenyl esters can undergo rearrangement in a similar 
manner. 


E. Migration from O to N and N to N 

The ethers of arylimines, RO*CE:NR, where R represents 
aryl groups, at 220®, isomerize to diarylated acid amides, 
OiCR'NRg. Similarly amidines R*C(NRR'):NR give 
R•C(NR 2 ):NR^ i.e. an exchange between R and R' in the 
groups •NR 2 and :NR'. The second reaction is reversible, the 
former is not. 

The reactions are unimolecular and intramolecular, as 
when two imino ethers are used the products are the two 
amides and not a mixed amide. The transformation is facib- 
tated by the presence of electron-attracting substituents in 
the migrating radical. 
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F. Migration from I to G 

The gradual decomposition of pheiiyliodide-dichloride to 
a y-chloro-iodo-benzene is well known: 

(Chap. XIX, B.). If the j:;-position is already occupied by OH, 
c.g. ;?-iodopbol, the product is 2-chloro-4-iodophenol, probably 
formed from chlorine and p-iodophenoL 
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XXXIX. INTRODUCTION 

This group includes the cyclic compounds which have a 
constituent atom other than carbon in the ring. The most 
common atom is nitrogen, and then oxygen and sulphur. 

A few such compounds have been described in the earlier 
chapters, e.g. succinic anhydride, phthaliniide, cyclic ethers, 
e.g. ethylene oxide, cyclic sugars, and purines. 

The compounds are divided into groups according to the 
number of atoms constituting the ring, thus three-mem bered 
rings, e.g, ethylene oxide; four-merabered rings, e.g. betaine; 
five-membered rings, e.g. thiophene; six-membered rings, e.g. 
pyridine, &c. As in the carbocyclic series the most important 
and also the most stable are the five- and six-membered rings. 
A further division of these groups can be made according to 
the number of atoms other than carbon present. Thus in the 
five-membered ring compounds we can have the following sub- 
groups: 4C -f- IN; 3C -H 2N; 20 4- 3N; termed respectively 
the monazole, di- and tri-azole sub-groups. 

The stability of the compounds and their general chemical 
characteristics depend to a large extent on the saturated or 
unsaturated nature of the rings. Compounds like thiophene, 
pyrrole and pyridine are stable and closely resemble ben- 
zene — ^they possess general aromatic properties. Like benzene 
they can be reduced, the two former can each take up two or 
four atoms of hydrogen, and pyridine two, four or six. These 
reduction products no longer have aromatic properties. It is 
interesting to note that although the five-membered hetero- 
cyclic unsaturated compounds resemble benzene, the unsatu- 
rated carbocyclic compound oyclopentadiene does not. 

Some of the common heterocycUc compounds contain con- 
densed nuclei, i.e. the two condensed rings have two carbon 
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atoms in common. A well-known example of condensed 
heterocyclic rings is met with in purine and its derivatives 
(Chap. XIII, 0.). Examples of compounds containing a ben- 
zene nucleus condensed with a heterocyclic ring are met with 
in quinoline, couinarone and indole (see below). 

Compounds with condensed nuclei behave very differently 
on oxidation. Certain of them have the heterocyclic ring 
ruptured, and thus yield ortho-derivatives of the carbon ring; 
others, again, have the carbon ring ruptured, and yield ortho- 
acids of the heterocyclic ring. The compounds dealt with in 
the following sections will be grouped as follows: 

1. Five-mcmbered heterocyclic compounds containing 4C 
■f 10, S or N atoms, or the forane group, e.g. : 

ch:cil ch:ch. ch: 

in: 

Furane Thiophene Pyrrole 

2. Compounds formed by the condensation of these rings 
with a benzene nucleus, e.g.: 

Coumarone 




3. Five-membered heterocyclic compounds containing three 
carbon atoms, e.g. pyrazole and thiazole group. 

4. Six-membered heterocyclic compounds or pyridine group, 
e.g.: 

CH OH 

Pyridine, HC<|^^^\n 

CHOT 


5. The compoimds formed by the condensation of a benzene 
and pyridine ring, e.g.: 


Quinoline, 



and t«o-Quinoline, 



6. Six-membered heterocyclic compounds, with not more 
than four carbon atoms in the ring. 

Compounds with P, As, Sb, Bi, Si, Pb, Hg, Fe, Te, Se, or I 
as constituents of the ring are also known. Most of these 
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compounds are formed from 1 : 6-dibromopentane, BrCHj* 
CH 2 *CH 2 -CH 2 *CH 2 Br, or 1 : 4-dibromobutane and derivatives 
of the element in question. Thus sodium amalgam and the 1 : 5- 

.CH 2 CH 2 . 

dibromo compound yield the product yHg 

(B,, 1914, 177, 186; for 8e and Te compounds cf. C. and I.; 
1939, 669). The Grignard compound derived from 1 : 5- 
dibromopentane reacts with SiCl 4 or SiMe 2 Cl 2 , yielding the 

products ^SiClj and CH^ 


-2\ ^CHa'CTTjj. 

onri rw./ \SiMe, 




^CHgCIV 


(B., 1916, 1236), or, with PbEt 2 Cl 2 , )PbEt 2 

^CH2CH2'^ 

(B., 1916, 2666) as a colourless liquid, b.-pt. 110°/13'5 ram. 
The same Grignard reagent reacts with phenylphosphine- 

CPf *CH 

dicUoride, Ceilg-PClj, yielding Clla/ * ^P-Cells 

(B., 1915, 1473). When the Grignard compound from 1:4* 
dibromobutane is condensed with CHg-PClg, compounds of the 


CH,CH 


type 


2\. 


CHg-CHg 


^P'CHg are formed, and derivatives containing 


As, Sb, and Bi can be obtained by similar methods (B., 1916, 
437). 

These compounds are of no technical importance, but are of 
value from the theoretical point of view, and indicate the 
great variety of elements which can take part in ring formation. 


XL. FURANE GROUP 

ch:ch. ch:cil 
j >s I Nnh 
oh:ch/ ch:ch^^ 

Thiophene Pyrrole 

From these compounds a whole series of derivatives is 
obtained by the substitution of hydrogen by halogen, and 
also by the entrance of the groups -CHg, ‘CHjOH, *CHO, 


\ 


ch:ch 

Furanc 
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•COgH, &c. In tbeir properties furane, thiophene, and pyrrole 
resemble benzene. Thiophene, in particular, is delusively 
like the latter, e.g. in odour and boiling-point, and its various 
derivatives often show a marked similarity in their chemical 
and physical relations to the corresponding derivatives of 
benzene. 

Furane, pyrrole, and thiophene also resemble one another in 
many respects. All three boil at relatively low temperatures 
(4-32°, 131°, 84°), are either insoluble or only sparingly soluble 
in water, but readily in alcohol and ether, and show many an- 
alogous colour reactions. Thus pyrrole and thiophene and 
many of their derivatives give an intense violet to blue colora- 
tion when mixed with isatin and concentrated sulphuric 
acid, and a cherry-red or violet coloration with phenanthra- 
quinone and glacial acetic or sulphuric acid. The vapour of 
pyrrole colours a pine shaving which has been moistened with 
hydrochloric acid carmine red (Trvpfthsy fiery-red), while furalde- 
hyde vapour colours it an emerald green; the latter also 
colours a piece of paper moistened with xylidine- or aniline- 
acetate red. Furane is converted by mineral acids, e.g. hydro- 
chloric acid, into an insoluble amorphous powder, and pyrrole 
into an insoluble amorphous brown-red powder, “ pyrrole-red 
(with evolution of ammonia), while thiophene remains unal- 
tered. Pyrrole has feebly basic properties. 

Just as benzene is formed by the pyrogenic polymerization of 
acetylene (Chap. XVII, F), so several heterocyclic compounds 
are formed by the pyrogenic condensation of acetylene with HgS 
or NH 3 {R, Meyer and Weehse, B., 1917, 422). In the former 
case thiophene and thionaphthalene are formed; also thio- 
tolene if CH 4 is also present. In the latter case the products 
include pyrrole, pyridine, quinoline, in addition to aniline, 
naphthalene, fluorene, and anthracene. 

Maleic anhydride (Chap. X, B.) is regarded by Pfeiffer and 

CHCO. 

Bottler as the quinone of furane, j| ^0 ; as such it yields 

chcq/ 

coloured additive compounds with arylamines, phenols, 
phenolic ethers, and complex aromatic hydrocarbons (B., 
1918, 1819). 

Derivatives of all three compounds may be obtained from 
mucic acid, 00 ,H'(CH* 0 H) 4 ’C 0 jH (Chap. X, E.). When dis- 
tiiled, mucic acid yields pyromucic acid or furane-a-carboxylic 
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acid; when its ammonium salt is distilled, pyrrole is formed; 
and when free mucic acid is heated with barium sulphide, 
thiophene a-carboxylic acid is obtained, e.g. : 


CE ( Uli ) 'CT : CH V 

I — - CO* -f + 1 >0* 

CHi('OH)i-C:H (OH) COj^ CH I C(CO*HK 


Pyrrole derivatives are also formed by condensing ^-ketonic 
esters (Chap. IX, H.) with amino-ketones (A., 1916, 411, 350). 

A very general method for the formation of derivatives of 
this group is from y-diketones, e.g. acetonyl-acetone, OHg-CO- 
CHjj-CH^CO-CHs (Chap. IX, F.). When this compound is 
heated wdth phosphorus pentoxide or zinc chloride, dimethyl- 
furane is formed; with phosphorus pentasulphide, dimethyl- 
thiophene; with alcoholic ammonia, dimethyl-pyrrole. 

The acetonyl-acetone reacts as the tautomeric enol : 


ch 3C(0H) : CHCH : cxoHxiig, 


ch:c(OH3)(OH)^ 

ch:c(CH,)(oh)’ 


and the formation of dimethyl-furane appears as that of an 
anhydride, that of dimethyl-pyrrole as an exchange of 2(OH) 
for NH (imide formation), and that of dimethyl-thiophene 
as the formation of a sulpHde, i.e. exchange of 2(0H) for 8. 

From the above reactions the constitutional formulw for the 
three compounds would be: 

Furanc 

Sa:cH^ 

ch;ch^ 
w («) 

These formula? receive corroboration from the frequently ob- 
served fact that the substances are capable of yielding additive 
compounds with bromine or hydrogen (see Pyrroline). Ac- 
cording to the above formulfe, two isomeric mono-substituted 
derivatives of furane and thiophene are possible: (1) one in 
which the hydrogen atom (a) which stands nearest to the 
oxygen, sulphur, or nitrogen atom, and (2) one in which a 
quasi-middle hydrogen atom (j8) is substituted. Two such 
isomers have been observed in many cases, e.g. two thiophenio 
acids. These form mixed crystals, the crystals having a 
homogeneous appearance although they contain both acids 


riuophcnc 

CHica 


ch:ch 

m 


> i 


Pyrrole 
fi a 

ch:ch. 


IH : CH 
O) <«) 




(n) 
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(F. Meyer, A., 236, 200). In the case of pyrrole, on the other 
hand, three kinds of derivatives (a-, jS-, and n-) are both 
possible and known. 

An examination of the molecular refraction of thiophene 
and also of its heat of combustion (B., 1885, 1832) point to 
the presence of only one double bond in the thiophene mole- 
cule, and the formula I has been suggested, and also the 
centric formula II: 



Furane or forfurane is a colourless mobile liquid, boiling at 
32®, and with an odour resembling that of chloroform. It is 
j)resent in pine-wood tar, in the first runnings from ordinary 
wood t>ar, Ac., and is obtained by the distillation of sugar with 
lime, or by distilling barium pyromucate. a-Methyl-furane or 
sylvane is likewise present in pine-wood tar, and in the pro- 
ducts of distillation of sugar with lime. It boils at 65®. aa- 
Dimethyl-ftirane is obtained from sugar and lime, and also 
from acctonyl-acetone (p. 660). It is a colourless mobile liquid 
of a characteristic odour, and boils at 94®. Concentrated acids 
convert it into a resin; it can be transformed back into ace- 
tonyl-acetone. 

f^al, furfural, afuraldehyde or furfur aldehyde, C 4 H 30 *CH 0 
(Dobereiner), is obtained when pentoses, e.g. arabinose and 
xylose or the complex pentosans are distilled with concentrated 
hydrochloric acid: 

CjHioOj ~ 3H,0 - 


The yield is quantitative, and the method is made use of for 
determining the amounts of pentoses present in various sub- 
stances. It may also be obtained by distilling bran, com-cobbs, 
wood, sugar, or various carbohydrates with moderately con- 
centrated sulphuric acid, and is manufactured on a large scale 
in U.S.A, for use as a solvent, as a fungicide and disinfectant, 
also as a weed destroyer. It is also us^ for the manufacture 
of furoic acid and butyl furoate which are used in the lacquer 
industry. It is a colourless oil of agreeable odour, turns brown 
in the air, and boils at 162®. 

It has the characteristic properties of an aldehyde, and can 
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yield condensation products in much the same manner as 
benzaldehyde (Chap. XXV, B.): viz. by the Perkin reaction it 
yields furyl- and allofuryl-acrylic acids, C4H30-CH : CH-CO^H 
(of. Cinnamic Acid), by the benzoin condensation it yields 
furoin, C4H30*CH(0H)-C0*C4H20, and by the Knoevenagel 
condensation ethyl furyl-malonate, C4H30*CH:C{C02Et)2, and 
by the Cannizzaro reaction it yields eqnimolecular amounts 
of the alcohol and acid. With ammonia it yields a product, 
hydrofuramide, used in the synthetic resin industry. 

Pyromucic acid, C4H3O CO2H. — Furane-a-carboxylic acid 
crystallizes in needles or plates similar to those of benzoic 
acid, and melts at 132 ®; it sublimes easily, is readily soluble 
in hot water and alcohol, and decolorizes alkaline perman- 
ganate almost instantaneously. 

Pyrrole is a constituent of coal-tar (Runge) and of bone-oil 
{Anderson)', it boils at 131 ®, and possesses, like many of its 
homologues, a chloroform odour. It is a secondary base, and 
its imino-hydrogen is replaceable by metals and alkyl, or acyl 
radicals. 


In addition to the methods of formation mentioned on p. 660 , 
it may also be obtained by heating succinimide (p. 274 ) with 
zinc dust, or from acetylene and ammonia at a red heat. 
When pyrrole is acted upon by hydroxylamine the ring is 


broken, and the dioxime of succinic-aldehyde, 


CH,CH:NOH 

CHg-CHiNOH’ 


is formed; this yields tetramethylene-diamine upon reduction. 


Dimethyl-pyrrole in a similar manner yields acetonyl-acetone- 


dioxime. 


n-Potassium-P3rrrole, C4H4NK, which is obtained from pyr- 
role and potassium or solid potassium hydroxide, is a colourless 
compound which is decomposed by water. A number of 
n-alkyl and acyl derivatives may be prepared by the aid of 
this potassium compound, but most of them are relatively 
unstable, and when heated are transformed into the isomeric 


a-alkyl or acyl compounds. A most interesting reaction is the 
conversion of pyrrole into pyridine (Chap. XLIII, B.) by means 
of sodium methoxide and chloroform or methylene iodide. By 
the action of iodine and alkali, substitution takes place with 
the formation of tetra-iodo-pyrrole or iodole, C4l4(NH), which 
crystallizes in yellow plates, and is used as an antiseptic in 
place of iodoform. 
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Zinc and glacial acetic acid convert pyrrole into psrrroline, 
CH:CH . CH CIV 

I /NH, or more probably || ^NH (B., 1901, 

CHa-CH/ CHCH/ 

3954), a colourless liquid boiling at 91° and also a strong 
secondary base; when this latter is heated with hydriodic 

CH2CH2. 

acid, it is further reduced to psnrrolidine, I /NH, a 

CHgCH/ 

colourless, strongly alkaline base resembling piperidine, and 
boiling at 86°. It is also formed by the action of sodium on 
an alcoholic solution of succinimide, and is obtained syntheti- 
cally by heating 3-chloro-butylamine with alkali, and by treat 
ing ethylene cyanide with sodium and alcohol, thus: 

OH.CxN CH.CH.NH, CHjCH, 

4H, - i - j >NH + NH,; 

CH CH,CH,NH, CH ,CH / 

it is consequently designated tetramethylene-imine {Ladenburg). 

Pyrrole forms complex condensation products with acetone 
and other ketones. These products probably contain 4 pyrrole 
nuclei attached to one another in the a-positions by means of 
CMe 2 groups. 

Poly -alkyl-pyrroles are among the degradation products of 
haematin (the colouring matter of the blood) and of chloro- 
phyll (the green colouring matter of plants) (Chap. LXIV, D.}, 
and pyrrolidine-carboxylic acid (prohne) is a degradation pro- 
duct of albumen. 

Thiophene (F. Meyer, 1883) is present in coal-tar, being 
invariably found in benzene (up to 0-5 per cent); the same 
applies to its homologues thiotolene (methyl-thiophene), and 
thioxene (dimethyl-thiophene), which accompany toluene and 
xylene, &c. Its boiling-point (84°) is almost the same as that 
of benzene (80*4°), from which it is extracted by repeatedly 
shaking with small quantities of concentrated sulphuric acid, 
which transforms the thiophene into a soluble sulphonic acid. 
It is also attacked more readily than benzene by other reagents, 
such as halogens. 

Thiophene is also obtained synthetically by leading the 
vapour of ethyl sulphide through a red-hot tube {KekyU), in 
small quantity by heating crotonic acid, n-butyric acid, paral- 
dehyde, with phosphorus pentasulphide, and in fairly large 
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quantities by passing acetylene over iron j>yrites heated to 
300° (Steinkojpf, A., 1914, 403, 1 ), or even better from a mixture 
of acetylene and HgS over alumina at about 400°. 

Stilbene (Chap. XXIX) and sulphur yield tetraphenyl- 
thiophene, thimessal, m.-pt. 183°. 

The preparation and properties of the thiophene derivatives 
are almost identical with those of the corresponding benzene 
compounds. Thus nitric acid yields a nitro-thiophene, analo- 
gous to nitro-benzene, which can be reduced to amino-thio- 
phene; the latter is, however, much less stable than the 
corresponding amino-benzene. 

The boiling-points of thiophene compounds and their corre- 
sponding benzene derivatives are almost identical. 

The homologues can be obtained by Fittig's synthesis, the 
a-compounds from 1 : 4-diketones, and the /^-derivatives from 
mono- or di-aubstituted succinic acids and phosphorus ])enta- 
siilphide. 

Thiophene-solphonic acid, 0 H*S 02 *C 4 H 38 , decomposes into 
thiophene and sulphuric acid when superheated with water, 
and does not yield a phenol on fusion with potash. 

Hydroxythiotolene, C 4 H 2 S(CH 3 )(OH), the phenol of thiotol- 
ene, is formed by heating Isevulic acid with P 2 S 5 . 

A mixture of the a- and j 8 -monocarboxylic acids when 
crystallized slowly from water yields mixed crystals, which 
cannot be resolved into their components. 

The sulphur atom in thiophene is somewhat inert, but 
hydrogen peroxide converts tetraphenylthiophene into the 
si^phone C 4 Ph 4 -S 02 . 

Tetrahydrothiophene can be synthesized from 1 : 4-dibromo- 
butane and sodium sulphide. It is a colourless liquid with an 
intense odour, boils at 118° and readily yields a sulphone. 

The cyclic compounds. 



>S, 


' which are homologues of tetrahydrothiophene can be synthe- 
sized in a similar manner, and in properties closely resemble the 
alkyl sulphides, RgS (Chap. IV, B.). The ring can be ruptured 
and unsaturated compounds obtained by first forming the 
sulphonium salt, e.g. addition of methyl iodide and subsequent 
treatment with alkali (J. mss., 1916, 48, 880-974), a reaction 
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analogous to the exhaustive methylation of nitrogen compounds 
(p. 689). 

Ketones derived from thiophene are also known, e.g. 2- 
acetyl-thiophene from acetylchloride and thiophene-2-mer- 
curichloridc (A., 1914, 403, 50). 

A compound containing two condensed thiophene nuclei 
CMe • C • CMe formed by heating n-octane and sulphur 
mi n nil temperatures {Friedmann, B., 1916, 

Four-membered rings containing two nitro- 
^ gen or two sulphur atoms are known. 

The following system of nomenclature has been suggested 
for the nitrogen compounds: 


CIJ/ 


mu 


NH " 

Ureticline 






Urctine 


.NH. 

CH,< X^O 
NH" 

Urelidone 

NHx 

ch: 


“<!> 


Xn/ 

Urcte 


U retone 


One of the simplest members is 1 : 4-dipheii7ltiretidoiie, needles 
decomposing at 224° and formed by the action of a cold con- 
centrated solution of potassium cyanate on benzylideneazine 
(p. 494) in glacial acetic acid {Hale, J. A. C. 8., 1919, 370). 


XLI. COMPOUNDS FORMED BY THE CONDEN- 
SATION OF A BENZENE NUCLEUS WITH A 
FURANE, THIOPHENE, OR PYRROLE RING 



O S NH 

Coumarone Ben2o*thtophene Indote 


A* Ooumarozie occurs in coal-tar, and may be isolated as its 
piorate. It is usually obtained from bromocoumarin; this 
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with alcoholic potash yields coumarilic acid, which gives 
coumarone when distilled with lime: 


/3H : CBr .CH^ 

CeH4 CJl/ >CC02H 

^0 —CO ^0-/ 


CeH, 




It is a colourless liquid distilling at 170®; yields a dibromide 
and a dihydro-derivative, thus indicating the presence of 
a double bond. A 30-40 per cent yield of conmaran, 
/CH,. 

Cell 4 <' is obtained by heating phenyl jS-bromoethyl 

^0— / 

ether, CeHg-O-CHg OHgBr, from ethylene dibromide and 
sodium phenoxide, with ZnClg (J» A. C. S., 1919, 648). 

Benzo-thiophene, Thionaphtheney melts at 31°, boils at 221°, 
and has an odour resembling naphthalene. 


B. Indole Group 


Indole {BaeyeTy 1868) is important as it is the parent sub- 
stance of indigo. As a pyrrole derivative it has feebly basic 
properties. It is obtained by distilling oxindole with zinc dust; 
by heating o-nitro-cinnamic acid with potash and iron filings; 
by the action of sodium ethoxide upon o-amino-j8-chloro- 
styrene (B,, 1884, 1067): 

/NH, .NH. 

C«H/ + NaO CjHs - C.H/ >CH + NaCl + 

^CH.'CHCI 


by the elimination of water and carbon dioxide from o-alde- 
hydo-phenylglycine under the influence of acetic anhydride: 


/Ch:o 

CeH/ 


NHCH.CO 0 H 



H -f H,0 -H CO,; 


or by the pancreatic fermentation of albumen; together with 
skatole by fusing albumen with potash; and by passing the 
vapours of various anilines, e.g. diethyl-o-toluidine, through 
red-hot tubes, Ac. It occurs in the essential oil of jasmine 
flowers, crystallizes in plates, melts at 52°, volatilizes readily 
with steam, and usually has a peculiar fsecal-like odour, 
although in the pure state and diluted it is stated to have a 
fragrant odour. It colours a pine shaving which has been 
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moistened with hydrochloric acid cherry-red, with nitrous 
acid gives a red precipitate, which consists })artly of the so- 
called nitroso-indole, [C8HgN{N0)]2 (a delicate reaction; see 
B., 1889, 1976), and yields acetyl-indole when acetylated. 
These last reactions show that indole contains an imino-grou}). 
When oxidized with ozone it yields indigo. 

The system of numbering the substituents in the indole 
molecule is given on p. 665. The 1 -substituted derivatives 
are sometimes termed w-derivatives, e.g. n-methyl-indole, 



Various derivatives may be obtained synthetically by the 
condensation of the aromatic primary or secondary hydrazines 
either with pyroracemic acid or with certain ketones or 
aldehydes, and treatment of the resulting hydrazones with 
dilute hydrochloric acid or zinc chloride, when ammonia is elimi- 
nated (E. Fischer)', thus acetone-phenyl-hydrazone, CgHg-NH* 


CH, 

N:C< 

N:h, 


yields 2-methyl-indole, C0H4 


/NH. 


>C*CH 


DH, ^CH ^ 

aldehyde-phenyl-hydrazone yields skatole, and 
bromide and aniline yield 2-phenyl-indole. 

,NH. 


3, prop- 
phenacyl 


Skatole, 3-melhyl-indole, 


/ \ 


CH, is found in faeces, 


and is produced, together with indole, e.g. by the decay of 
albumen, or by fusing it with potash. It crystallizes in colour- 
less plates, m.-pt. 95^^, and when impure has a strong fsecal 
odour. The pure compound obtained by the hydrolysis of 
beet-sugar molasses has a fruity odour and is used as straw- 
berry flavour. Nitrous acid does not colour it red. It takes 
up two atoms of hydrogen to form a hydro-compound. Acids, 
aldehydes, &c., are also known. 

/CH(OH) 

Diozindole, C0H4<^ ^0, or the lactam of o-amino 

\nh ^ 


mandelio acid, NHj|-C0H4*CH(OH)-CO2H, is obtained by the 
reduction of isatin with zinc dust and hydrochloric acid, or 
by the oxidation of oxindole. It crystallizes in colourless 
prisms, melts at 180^, and possesses both basic and acid 
properties (two hydrogen atoms being replaceable); it also 
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forms a nitroso-compound, an N-acotyl derivative, and is 
readily oxidized to isatin. 

.NH 

Oxindole, ^0, the lactam of o-amino-phenyl- 

\ch/ 

acetic acid, is formed by the reduction of o-nitro-phenyl«acetic 
acid (p. 520) ; also by that of dioxindole with tin and hydro- 
chloric acid. It crystallizes in colourless needles, melts at 120°, 
is readily oxidized to dioxindole, and therefore possesse.H feebly 
reducing properties. Oxindole is amphoteric, dissolving both 
in alkalis and in hydrochloric acid. Baryta water at a some- 
what high temperature transforms it into barium o-amino- 
phenyl -acetate. The iniino-hydrogen is exchangeable for etiiyl, 
acetyl, the nitroso-group, &c. 


Isomeric with oxindole is indoxyl, 


)CH, which 


is obtained by the elimination of carbon dioxide from indoxylic 
acid, a product formed from phenyl-glycocoll (p. 520), also by 
fusing indigo with potash. It is often present in the urine of 
the carnivora as potassium indoxyl-sulphate or urine-indican, 
CgH 4 N* 0 ‘(S 03 K). It forms yellow crystals, melting at 85®, 
is moderately soluble in w^ater with yellow fluorescence, and 
not volatile with steam. It is very unstable, quickly becoming 
resinous, and is readily transformed into indigo when its alka- 
line solution is exposed to the air, or when ferric chloride is 
added to its solution in hydrochloric acid. 

/N(NOk 

It yields a nitroso-compound, ^CH, of the 

^C(OH)^ 

same character as the nitrosamines, and therefore it contains 
an imino-group ; further, its relation to indoxyl-sulphuric acid 
shows that it contains an alcoholic hydroxy-group, and thus 
its constitution follows. 

Potassium indoxyl-sulphate, prepared synthetically by 
warming indoxyl with potassium pyrosulphate, crystallizes in 
glistening plates and is hydrolysed when warmed with acids. 

Ethyl-indoxyl is obtained from indoxyl by the exchange of 
the hydroxyUc hydrogen for C 2 H 5 . Derivatives of the hypo- 


thetical pseudo-indoxyl, C 4 H 4 : 


\x)-^ 


CHg, are also known, 
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some of them being convertible into indigo derivatives (e.g. 
diethyl-indigo). 

vNH — V 

Indoxylio add, C 6 H 4 <; ^C COgH, the 2-carboxylio 

\C(OH)^ 

acid of indoxyl, forms white crystals, is oxidized to indigo by 
ferric chloride, and breaks up into indoxyl and carbon dioxide 
when fused. It is obtained from its ester, ethyl indoxylate, by 
heating with soda. The latter compound crystallizes in stout 
prisms, melts at 120°, and may be obtained, among other 
methods, by the reduction of ethyl o-nitro-phenyl-propiolate 
with ammonium sulphide. 

yCO . 

Isatin, CeH 4 <^ ^CO, the lactam of o-amino benzoyl- 

X xttt/ 


formic acid (p. 531), is readily prepared by oxidizing indigo or 
indoxyl with nitric acid {Erdmann and Laurenty 1841; cf. also 
B., 1884, 976). It may also be obtained by the oxidation of 
dioxindole or of oxindole (indirectly). 

The following are among some of the most important 
methods by means of which isatin has been synthesized: 

(a) When o-nitro-phenyl-glyoxylic acid (o-nitro-benzoyl- 
formic acid, p. 531) is reduced, the corresponding amino-acid 
is obtained ; but this immediately loses water, yielding a lactam 
or lactim : 


.COCO- OH XO\ XO 

CeH/ >CO or CeHX 


(b) o-Nitro-pheuylacotic acid when reduced yields the 
lactam, oxindole, yCO, and this with nitrous acid 


gives the iso-iiitroso-oxindole 


.C(:N-OH). 

> CeH4< >0, 


which 


on reduction is converted into amino-oxindole, and this on 
oxidation with ferric chloride yields isatin. 

(c) Sandrmyer has worked out the following synthesis: 
Aniline and carbon disulphide readily yield thio-oarbanilide, 
CS(NHC^H 5 ) 2 , which, on boiling with potassium cyanide, 
white-lead, and water, yields hydrocyano-oarbo-diphenyl- 
imide, CJIg'N:C(CN)*NHC 0 H 5 . With ammonium sulphide 
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NHg^CS. 

this latter yields ^C-NHCqHj, which is con- 

verted by concentrated sulphuric acid into a-isatin-anilide, 



acids to isatin and aniline (C. C., 1900, 2 , 928). 

(d) o-Nitrophenyl-propiolic acid (p. 524) may be synthesized, 
and when this is warmed with alkalis it undergoes molecular 
rearrangement and yields isatogenic add, which by elimi- 
nation of carbon dioxide forms isatin: 


C«H,< 


C:CCOjH 

NO, 


.COCCO,H 
C«h/ /I 
^N~0 



(e) Isatin and its homologues are readily formed by condens- 
ing aniline or substituted anilines with a freshly prepared 
solution of hydroxy lamine sulphate and chloral hydiate (Sand- 
meycTy Helv,, 1919, 234), 

CCI 3 CH : 0 4 H,N OH CCla-CH *. N OH i H,0 
C,H-NH, 4 CCVCIJ:N 0H -> C,H, NH C0 CH:N 0H -f 3H0i 

C,h/ /'O ^ Cell/ >CO 

''Co/ ^C(:nhk 

hydrolysed 


or (/) By internal condensation of substituted oxamic chlorides, 
e.g. CeH^NE-CO'CO-Cl with AlClg (StolU, B., 1913, 3915; 
J. pr., 1922, [2], 105, 137). 

Isatin crystallizes in reddish-yellow prisms, sparingly soluble 
in cold water, but more readily in hot water or alcohol. It dis- 
solves in potassium hydroxide solution, yielding the potassium 
yCO 

derivative, C 0 H 4 <f 


> •OK, which is readily hydrolysed to 


potassium o-amino-phenyl-glyoxylate when boiled with water. 
Isatin -eliloride, CgH 4 <' ^C*C1, is obtained when isatin is 


heated with phosphorus pentachloride, and on reduction with 
zinc dust and acetic acid yields indigo. 
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Two isomeric methyl ethers are known: 

CO V 

and yjO. 

^N{CH3)/ 

O-methyl-isatin N-methyl-isatin or pseudo-methyl-isatin 




The 0-ether is obtained by converting potassium-isatin 
into the silver compound, and then heating this with methyl 
iodide. It is a colourless solid melting at 102°, and on hydro- 
lysis yields isatin or o-amino-phenyl-glyoxylic acid. 

The N-ether may be obtained by the action of sodium hypo- 
bromite on N -methyl-indole. Its constitution follows from 
its method of formation, and also from the fact that on 
hydrolysis it yields o-methylamino-phenyl-glyoxylic acid, 
.COCOoH 
OH / 


NHCH3. 


The constitution of isatin itself for some years was a matter 
of dispute ; from its method of formation it must be either the 
lactam or lactim of o-amino-phenyl-glyoxylic acid. The examina- 
tion of its absorption spectrum has established its lactam 
structure (Chap, LXXI, D.). 


C. Indigo and Related Compounds 


Indole or benz- pyrrole . . . , CeH4<^ 

Indoxyl or hydroxy-indole . . C*H/ 


CH 

NH 


\ 


/ 


UH. 


/C(OH) 


\NH- 

Oxindole or o-amino-phenyl-acetio\^ u / 
acid lactam J \NH ^ 

Dioxindole or o-amino-mandelic\^, u 
acid lactam J * ' * 


Isatiii or o-amiBO 
acid lactam 


ino-phenyl-glyoxylio 
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Indigo, wliicli is obtained from the indigo plant {Jndigofera 
tinctoria)y and from woad {Isatis tinctoria)^ has been known 
for thousands of years as a valuable blue dye, especially for 
woollen fabrics. In addition to indigo-blue (indigotin), 
commercial indigo contains indigo-gelatine, indigo-brown, and 
indigo-red, all of which can be extracted from it by solvents. 
The colouring matter is not present as such in the indigo plant, 
but as the glucoside of indoxyl ‘‘ Indican ”, from which it can 
be prepared either by dilute acids or certain enzymes and sub- 
sequent oxidation with atmospheric oxygen. 

It forms a dark-blue coppery and shimmering powder or, 
after sublimation, copper-red prisms, insoluble in most solvents 
(including the alkalis and dilute acids), but dissolving to a 
blue solution in hot aniline and to a red one in paraffin, from 
either of wffiich it may be crystallized. Its vapour is dark-red. 
The formula CigTIiQOgNj is confirmed by its vapour density. 
It is converted by reducing agents, such as ferrous sulphate 
and caustic soda solution or grape-sugar and soda, into the 
leuco-compound, indigo-white, a white crystalline 

powder soluble in alcohol and ether, also in alkalis (as a phenol) ; 
the alkaline solution quickly becomes oxidized by the oxygen 
of the air, with the separation of a blue film of indigo. It 
yields an acetyl compound which crystallizes in colourless 
needles. 

Warm concentrated or fuming sulphuric acid dissolves 
indigo to indigo-monosulphonic and disulphonic acids, the 
former of which (termed phoenicin-sulphonic acid) is sparingly 
soluble in water, but the latter readily so; the sodium di- 
sulphonate is the indigo-carmine of commerce. Nitric acid 
oxidizes indigo to isatin, while distillation with potash yields 
aniline, and heating with manganese dioxide and a solution of 
potash, anthranilic acid. 

Indigo has been prepared synthetically by numerous 
methods. The following are among the most important: 

1. By the reduction of isatin chloride (p. 670) with zinc dust 
and acetic acid: 



The syntheses of isatin already described (pp. 669 and 670) 
are thus syntheses of indigo. 
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2. By warming o-nitro-phenyl-propiolic acid with grape- 
sugar in alkaline solution {Baeyer^ 1880): 

2N0, C,H4C:C C0,H + 4H » CieHjoN.O, + 2CO, 4^ 2H,0. 

3. Baeyer and Drewson (1882) started with toluene, and on 
nitration obtained a mixture of o- and ^-nitro-toluenes. The 
o-compound was oxidized by manganese dioxide and sulphuric 
acid to o-nitro-benzaldehyde, and this was then condensed 
wdth acetone, yielding o-nitro-phenyl-lactyl methyl ketone, 

NO,CeH4CH(OH)CHaCOCHj ; 


which when warmed wdth alkalis gave indigo and water. The 
yield was good, but the method was of no great practical 
importance, as the amount of toluene is limited, and no use 
could be found for the p-nitro-toluene obtained as a by-pro- 
duct. 

4. In 1890 Heumann obtained phenyl-glycocoll, phenyl- 
glycine, by the condensation of aniline with chloracetic acid: 

C,Hs NH ill T Cl i CH, CO>H CeHs NH CH^ COjH, 


and when this was fused with alkali, indigo-white was obtained. 
Another method is to treat the phenylglycine with sodamide 
and to oxidize the product, indoxyl, to indigo: 




NHCHjCOOH 

H 


+ NaNH, 


.NH. 

NcHj and Cell 



H. 


A modified form of Heumann's synthcvsis consists in con- 
densing anthranilic acid (p. 519) with chloracetic acid, when 
phenylglycine-o-carboxylic acid is obtained, and this on 
fusion with alkali yields indoxyl, which oxi^zes in the air 
to indigo-blue. The yield is good, and this method is now 
employed on a manufacturing scale by the “ Badische Anilin 
Fabrik ” for the production of artificial indigo, as anthranilic 
acid can be obtained cheaply; the general method being the 
atmospheric oxidation of naphthalene with a suitable catal^ 
to phthalic anhydride (Chap. XXVI, B.), and the conversion 
of this into phthalimide by the aid of ammonia. The phthali- 

( B 480 ) 33 
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inide with alkali and chlorine yields anthranilic acid — o-amino- 
benzoic acid (Hofmann reaction, p. 211). 

For homologues and derivatives cf. Chap. LIX, Kl. 
Indigo-blue is a very valuable blue dye, on account of its 
fastness to light, alkalis, acids, and soaps. As indigo-blue 
itself is insoluble, its ‘‘ leuco ” compound indigo-white is 
usually employed, the fabric being immersed in an alkaline 
solution of this, and then exposed to the air, when oxidation 
to indigo-blue takes place. Indigo-blue is usually reduced to 
indigo- white by means of calcium hyposulphite or by glucose 
and caustic soda. The indigo-white is a colourless solid with 
phenolic properties, and probably has the constitution repre- 
sented in the formula: 



Indirubin, Indigo-pnrpumiy is an isomeride of indigo-blue, 
and can be obtained synthetically by the condensation of 
isatin and indoxyl in alkaline alcoholic solution: 



It is also obtained, together with indigo-blue, by the reduc- 
tion of isatin chloride. It crystallizes from aniline in chocolate- 
brown needles, and on oxidation yields isatin. 

(For history and manufacture of indigo see J. S. C. I., 1901, 
239, 332, 551, 802; J. C. S., 1905, 974.) 


XLII. PYRAZOLE GROUP, ETC. 

A. Pyrazole Group* 

This comprises compounds with a five-membered ring con- 
taining three carbon and two nitrogen, sulphur, or oxygen 
atoms. 

• For review of pentacyclic nitrogen compounds containing 1 to 4 N atoms 
compare Chem, Rev^t 1936, 306. In all such compounds containing 
— C — N — N — C=N — links the dipole is of the type C positive and N 
negative end. 
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Pyrazole (I), 

CHtCir^ CH,CO\ 

I I '>NH. II I >NH, 

CH N/ 1 CH=--N/ 

3 'i 

ifl theoretically derivable from pyrrole in the same way as 
pyridine is from benzene, i.e. by the exchange of CH for N. 

The positions three and five appear to be identical unless 
the H of the NH is replaced by alkyl groups. 

It is a weak base of great stability, crystallizing in colour- 
less needles; it melts at 70°, boils at 185°, and possesses aro- 
matic properties (B., 1895, 714). Its simplest synthesis is 
by the union of acetylene and diazo- methane ; 

HC N V HC - N. 

lil -f i >N ^ I >NH 

HC vn/ Hc:cH^ 

(Von Pex'hmann, B., 1897, 2950; see also B., 1890, 1103; 
A., 273, 214). 

Pyrazoline, CgHeNg, and pjnrazolidine, C 3 H 8 N 2 , are reduction 
products of pyrazole. Pyrazoline derivatives can be synthe- 
sized by condensing hydrazines with a-olefinic aldehydes or 
ketones (B., 1918, 1457), or aliphatic diazo compounds with 
unsaturated esters (A., 1929, 470, 284). 

CH 'CH 

CHa:CH CH:0-l NH. NH^ I * ">NH; 

Cl I- 

/CH.CHCOaEt 

CHjICH CHKKt 4 N.CHjj Cn^< j 

-N. 

Charact/eristio of many of these pyrazoline derivatives is the 
readiness with which they give up nitrogen when heated and 
yield corresponding derivatives of trimethylene (Kishner^ Abs., 
1912, i, 245; 1913, i, 1163; 1916, i, 290). 

Pyrazolone (II) is an oil boiling at 77°. 
l-Plienyl-3-methyl-pyrazolone, obtained by the action of 
phenylhydrazine on ethyl acetoacetate (p. 263), 

CH.CO HaN CHjC.’N . 

I .f I I \NPh + H,0 4 EtOH, 

CH,-COOEt NHPh CHg CO ^ 
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crystallizes in compact prisms, melts at 127®, and boils without 
decomposition. As a weak base it dissolves in acids, but is 
also soluble in alkalis ; it further contains the chemically-active 
methylene group. When methylated it yields: 

l-Phenyl-2 : 3>dimethyl-pyrazolone or antipyrine, CnHigNgO, 
which is also formed by the action of ethyl acetoacetate upon 
methyl-phenyl-hydrazine, and therefore possesses the constitu- 
tional formula {L. Knorr, A., 238, 137), 



It crystallizes in small colourless plates melting at 113®. The 
aqueous solution is coloured red by ferric chloride and blue- 
green by nitrous acid. Antipyrine is an excellent febrifuge. 
^-Ketonic acids, jS-ketonic aldehydes, jS-diketones also yield 
pyrazole derivatives with phenyl-hydrazine. 

Isomeric with pyrazole is glyoxaline (p. G77), in which the 
two atoms of N are separated by a C atom. 

B. Thiazole Group 

Thiazole, 



is derived from thiophene in the same way as pyridine is from 
benzene, by the exchange of CH for N, and closely resembles 
— along with its derivatives — the bases of the pyridine series 
in properties. It is obtained from amino-thiazole (see below) 
by the exchange of the amino-group for hydrogen, in a similar 
manner to the conversion of aniline into benzene. It is a 
colourless liquid, boiling at 117®, hardly distinguishable from 
pyridine; as a base it forms salts, but it is scarcely affected by 
concentrated sulphuric acid, &c. (Hantzsch^ Popp, A., 250 » 273). 
Amino-thiazole, 



is formed by the action of mono-chloraldehyde upon thio*uiea 
(pseudo form): 

CH,C1 HNv CHN^ 
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The constitution of the thiazoles follows from this and similar 
modes of formation. Amino-thiazole is a bas(^ with aromatic 
properties closely resembling aniline and can be diazotized 
(cf. Hantzsch and his pupils, A,, 249, 1, 7, 31 ; 250, 257 ; 266, 
108). 

As further types of five-membered rings, may be cited: 


CH— CHN^ 



Imina2:t>le or glyoxalin Oxazole 


which are related to thiazole as pyrrole and furane are to 
thiophene. An important derivative of iminazole is Histidine 
(cf. Proteins, Chap. LXVII). 

n:ch. ch:n. 

Triazole, | >NH, and tetrazole, ! 

ch:n/ n=n/ 

are examples of five-membered rings extremely rich in nitro- 
gen. 

The foregoing constitutional formulae with their double 
linkings correspond with KekuWs benzene formula. But for- 
mulae with centric linkings analogous to the centric benzene 
formula (p. 392) have been introduced. According to Robin- 
son, the six aromatic electrons of benzene can be represented 
in these compounds by the 4 carbon electrons and the pair of 
lone electrons of the 0, S or N atom. 


XLIII. 8IX-MEMBERED HETEROCYCLIC RINGS 

Ring compounds closely related to pyrrole, thiophene, and 
furane, but containing six atoms in the ring (viz. five carbon 
atoms + one oxygen, sulphur, or nitrogen atom), are known. 
The representatives of these are: S - valerolactone, 
XHjCH^ /CH^CO. 

glutaric anhjrdride, CHa<; ^0 

N:HaC0^ 

(p. 276), and more especially the pyrones, e.g. 1 : 4- or y-pyrone, 

coc 

N3H:0H/ 
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The parent Buhstances of the pyrones are the j^yraiiB, viz 

/Oil, -OH. 

1: 2- or a-pyran, 0( /CH, and 1 : 4~ or y-pyran, 

/CH:C1L \CH:CIL^ 

Oc /CHg. CorrcBponding with the 1 : 2-pyran is the 

^CHiCIF .COCH^^ 

1 : 2-pyrone, /OH, which is the lactone of 

XTdrCH^ 

5>hydroxy-penta-A‘'^"‘-cliene-] -acid. 

^,cncH 

Of the nitrogen compounds, pyridine, CH/ 


OH.CTL, 




and piperidine, CllX /NH, are of great importance. 

^CH.OTl/ 

The derivatives of the sulphur compound, penthiophene, 
OH: CIO 

CHg^ ySj are of but little importance. 

Six-membered rings containing two nitrogen atoms are 
the diazines, C 4 H 4 N 2 , the ortho compound is fyndazine, the 
meta pyrimidine, and the para pyrazine. The compound, 

NH(^ is morpholin, Six-mem])ered rings con- 

taining three and four nitrogen atoms are termed respectively 
triazines and tetrazines (cf. Triazole and Tetrazole, p. 677). 


A. Pyrenes 

1 : 4-Pyrone, a solid, m.-pt. 32*5° and b.-pt. 315°, is ob- 
tained when its dicarboxylic acid, chelidonic acid (p. 680), is 

.CH:CMe. 

heated. 2 : 6-dimethyM : 4-pyrone, CO<f \o, may 

X^HrCMe^ 

be synthesized from cupric ethyl aceto-acetate and carbonyl 
chloride. 


< J /CH(CO*Et)*COCH, 

■f Cu< 

1 \cH(C04Et)C0CH, CH(CO,Et)COCH, 

- CuCI, f CO< 

X)H(CO,Et)’COCHg. 
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On hydrolysis with sulphuric acid the ester yields the free 
acid, which loses carbon dioxide, yielding: 


C 


.CHaCOCHg 

X:;HaCOCH, 


or 



h:c(oh)ch, 

h:c(oh)ch3. 


which immediately loses water, yielding dimethyl-y-pyrone : 



(For a modified formula see Collie, J. C. S., 1904, 971.) Collie 
and Tickle (J. C. S., 1899, 710) have shown that this compound 
can form definite salts wdth acids, e.g. the hydrochloride, 
0711 ^ 02 , HCl, and oxalate. The addition of the acid un- 
doubtedly occurs at the oxygen atom, and not by the addition 
of HCl to a double bond, since the salts are relatively unstable 
and are completely hydrolysed in dilute aqueous solution. 
The oxygen atom in these salts, therefore, probably functionates 

a /H -C. , 

as a quadrivalent atom, ^0 ->H and Cl, and 




the salts are oxonium salts corresponding with ammonium 
salts. Numerous other compounds have since been obtained, 
which tend to show that the oxygen atom can frequently 
functionate in this manner, e.g. numerous oxygen compounds, 
est(U8, ethers, ketones, acids, aldehydes yield definite crystal- 
line compounds with anhydrous metallic salts, e.g. MgBrg or 
AICI3 (Walker, J. C. S., 1904, 1106); similar oxygen compounds 
also form well-defined crystalline salt/S with complex acids, 
e.g. ferrocyanic acid (Baeyer and VilUger, B., 1901, 2679, 3612; 
1902, 1201); and even mineral acids (for summary of work 
see Knox and Richards, J. C. S,, 1919, 508). Since the salt is 
derived from a very feeble base (solutions of dimethyl-pyrone 
are very feeble conductors) and a relatively strong acid, the 
solution should be highly hydrolysed, and should give a 
strongly acid reaction. That the hydrolysis is not complete 
in the case of a moderately concentrated solution of the picrate 
has been shown by WMen (B., 1901, 4191), who compared 
the partition coefficient of picric acid between water and ben- 
zene both with and without the addition of dimethyl-pyrone, 
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1 ^ concentration of benzene solution . 

and found that the ratio la 

concentration of aqueous solution 

less when the pyrone is present. 

Other methods which have also led to the conclusion that 
a certain amount of salt exists in solution are (a) depression of 
the freezing-point of aqueous solutions. If no compound exists 
in an aqueous hydrochloric acid solution, then the depression 
caused would be the sum of the depressions produced by the 
known amounts of dimethyl-pyrone and hydrochloric acid 
present. The actual value obtained is less than this sum 
(Walden), (b) A determination of the electrical conductivity. 
If no compound is formed, the conductivity should be the same 
as that of a solution of pure hydrochloric acid of the same con- 
centration; but if any appreciable amount of a salt is formed in 
solution this will give rise to a certain number of pyrylium ( -f ) 
and chloride ( — ) ions, i.e. the number of hydrions will be less 
than in a solution of pure hydrochloric acid of the same 
concentration, and hence the electrical conductivity will be 
considerably reduced. It has actually been found that the 
conductivity is less, and that it tends to decrease as the solu- 
tion becomes more concentrated (cf . also Rordam, J. A. C. S., 
1915, 557). 

y-Pyrone-dicarboxylic acid, or chelidonic acid, occurs in the 
greater celandine (Cfielidonium majm)^ and may be synthesized 
by Claisen's method (p. 257). Acetone and ethyl oxalate readily 
condense, yielding the ester of acetone-dioxalic acid or xantho- 
chelidonic acid; 

CO,EtCO,Et X5H:C(CO,Et)OH 

+ - CO< + 2EtOH, 

Hs CO,EtCO,Et N:H : C(CO,Et)OH 

which immediately loses water, yielding ethyl chelidonate, 
and this on careful hydrolysis yields chelidonic acid: 

:qco,H 

:c(co,H 

The salts of this acid are colourless, but when warmed with 
an excess of alkali yellow salts of xantho-chelidonic acid are 
formed owing to the nipture of the ring. 

Pyrones with hydrogen in the presence of palladium and 
gum-arabic yield tetrahydro-derivatives, which boil at lower 
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temperatures than the original substances. Pyrones in colloidal 
solution or as gels adsorb iodine, giving blue products, more 
especially 8-phenyl-y-benzopyrone (Barger and Starling, J.C.S., 
1915, 411; A. R. Watson,, 1916, 303). 


B. Pyridine 

Pyridine, C5H5N, resembles benzene in many points: 

1. It is even more stable than benzene, and yields substi- 
tuted derivatives with sulphuric and nitric acids or the halo- 
gens, but not so readily as benzene. Sulphonic acids are 
obtained at very high temperatures only, and only a few 
chloro- and bromo-pyridines have been prepared. Pyridine 
and its carboxylic acids are not aiSected by oxidizing agents. 

2. Its derivatives resemble those of benzene. Thus its homo- 
logues (and also quinoline, &c.) are transformed into pyridine- 
carboxylic acids when oxidized, and these acids yield pyridine 
when distilled with lime, just as benzoic acid yields benzene. 

3. The isomeric relations are also precisely analogous to those 
of the benzene derivatives. Thus the number of the isomeric 
mono-derivatives of pyridine is the same as that of the isomeric 
bi-derivatives of benzene, viz. three; and the number of the 
bi-derivatives of p)rridine,. containing the same substituents, the 
same as that of the benzene derivatives, C^jHgXg, viz. six. 

4. Just as two benzene nuclei can form naphthalene, so can 
a benzene and a pyridine form the compound quinoline: 



5. The products of reduction are likewise analogous. Pyri- 
dine like benzene yields a hexahydro-derivative, CgH^iN, only 
somewhat more readily; this is known as piperidine. Quino- 
line yields a tetrahydro-derivative, CgHj^^N, more readily than 
naphthalene, and acridine readily yields a dihydro-derivative, 
C13H11N, which is analogous to anthracene dihydride. In these 
latter compounds further combination with hydrogen may take 
place, but there is likewise a tendency to the reproduction of 
the original bases. 

Hence the conclusion is drawn that pjrridinc has a ring 

( B 4S0 ) 23 • 
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constitution similar to that of benzene, and is to be re* 
presented as: 

a CH CH 

P nCrf^CH p' 

a Hcli^JcU a' 

N N 

i 

In contradistinction to the neutral benzene hydrocarbons, 
pjrridine and its homologues are bases of the same order of 
strength as aniline and have characteristic odours. Pyridine 
is readily soluble in water, but quinoline only slightly so. They 
distil or sublime without decomposition, and form salts; those 
with hydrochloric and sulphuric acids are for the most part 
readily soluble, while those with chromic acid or hydro- 
ferrocyanic acid, though often characteristic, are usually only 
sparingly soluble; they also form double salts with the 
chlorides of platinum, gold and mercury, most of which are 
sparingly soluble, e.g. (C5H5N)2H2PtCle. 

The bases are tertiary, and hence cannot be acetylated; 
they combine, however, with alkyl iodides, yielding quater- 
nary ammonium salts, e.g. pjnridine and methyl iodide yield 
C5H5N, CH3I, methyl-pyndonium iodide. 

Pyridine and some of its homologues are present in coal-tar, 
and are therefore constituents of the lower boiling fractions. 
They may be extracted from these by shaking with dilute 
sulphuric acid, in which they dissolve. It is also present in 
tobacco smoke. A number of pyridine bases are present in 
bone-oil or DippeFs oil, a product obtained by digesting fat ex- 
tracted bones with water and then distilling. Yield of oil about 
6 per cent, and constituents are aliphatic nitriles from C4 to 
C18, pyrrole and substituted pyrroles, hydrocarbons of series 
CnH2n..4 with Cg, Cjo and aniline, pyridine and its methyl 
derivatives, quinoline, phenol, and small amounts of toluene, 
ethylbenzene and naphthalene. 

Mixtures of pyridine bases can readily be obtained from 
this source. Certain alkaloids (Chap. LVIII) yield pyridine or 
its derivatives when distilled alone or with alkalis, e.g. chincho- 
nine when distilled with potash yields a dimethyl-p^dine 
or lutidine. Pure pyridine may be obtained by distiuing its 
carboxylic acid with lime. 

Among the more interesting methods by means of which 
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pyridine and its derivatives have been synthesized are the 
following : 

1. When pentamethylene-diamine hydrochloride is strongly 
heated it yields piperidine, and when this is oxidized with 
concentrated sulphuric acid at 300° pyridine is formed (Laden- 
burg) : 

.CH, CHg-NH TlTlCj yCHs-CH^ 

cn/ ! cn/ >nh 

CHICH- 

CHr >N. 

cnciv^ 

A method very similar to this, which can be employed at 
much lower t/cmperatures, is the elimination of hydrogen 
chloride from 5-cbloroamylamine, CH2C1*{CH2)3*C1I2*NH2. 
This elimination occurs when an aqueous solution of the base 
is heated on the water-bath; ring formation takes place, and 
piperidine hydrochloride is formed (Gabriel). These two 
methods are of great importance in deciding the constitution 
of piperidine, and therefore indirectly that of pyridine. 

2. The ammonia derivatives of various unsaturated 
aldehydes yield pyridine homologues when distilled (p. 154), 
e.g, ^-methyl-pyridine is obtained from acrolein ammonia, 
and collidine from croton- aldehyde ammonia (Baeyer, A., 
166 , 283, 297). 

3. When ethyl acetoacetate is warmed with aldehyde- 
ammonia, the ester of “ Dihydro-collidine-dicarboxylic acid 
i.e. ethyl trimethyl-dihydro-pyridine-dicarboxylate is produced 
(Hantzsch) (cf. p. 263): 

CO.Et'CHa 0:CHMo CHaCOjEt 
Me(io ^ NH, ^ ioMe 

CO.RtC— CHMe— CCOjEt 
- 3H.O + II II 

CMeNHMeC 

This loses its two ** hydro ’’-hydrogen atoms when acted 
on by nitrous acid, and yields ethyl collidine-dicarboxylate, 
C5N(CHa)8(C02Et)2, from which collidine may be obtained by 
hydrolysis and elimination of carbon dioxide. 

If, instead of aldehyde-ammonia, the ammonia compounds 
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of other aldehydes are used, homologous bases of the type 
C 5 H 2 N ( 0113 ) 2 ( 0 ^ 112 ^ 4 . 1 ) are formed. 

In the above reaction a molecule of the acetoacetic ester may 
be replaced by one of an aldehyde, when the mono'carboxylic 
esters of dialkylated dihydro-pyridines are formed, thus: 

CeHjoO, + 2CHa CHO 4- NH, - C,H,NH(CH,), COaEt + 3H,0. 

This is a very important synthetical method {Hantzsch, 
A., 216, 1, &c.). 

Two methods of obtaining pyfidine derivatives, which indi- 
cate the relationship of pyridine to quinoline and pyrrole, are : 

(а) The conversion of quinoline into quinolinic acid or pyri- 
dine ajS-dicarboxylic acid (p. 687). 

(б) The conversion of potassium-pyrrole into chloro-p 3 n'idine 
when heated with chloroform, or into pyridine when heated 
with methylene-chloride : 

ch:ch. ch:chn ch:chn 

I >NK I II or I II 

CH : CH/ CH : CH cci CH : chch. 

The ring constitutional formula (p. 682) is in perfect har- 
mony with the characteristic properties of pyriine and its 
derivatives, with the number of isomeric derivatives in each 
case, and also with the synthetical methods of formation. 

4. Complex pyridine derivatives are formed by condensing 
ketones or aldehydes with ethyl cyanoacetate in the presence 
of ammonia or an amine, e.g. benzaldehyde gives 



(G., 1918, 48 , ii, 83). 

5. Ethyl 2:6-dimethyl-pyridine-3:4-dicarboxylate is readily 
synthesized by condensing ethyl acetopyruvate, CH 3 *CO’CH 2 * 
CO-COgEt, with ethyl )3-aminocrotonate (p. 260) at 0® (B., 1917, 
1568; 1918, 150), and from this ester the corresponding 
dibasic acid, and on oxidation the 2:3:4: 6-tetracarboxylic 
acid are formed, or by elimination of carbon dioxide, 2 : 6-di- 
methylpyridine. 

To determine the actual position of a substituent it is ad- 
visable to convert this into the carboxylic group, e.g. by 
direct oxidation if it is an alkyl or substituted alk^l group, 
by replacement by CN if halogen or a sulphonic acid group, 
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and subsequent hydrolysis. The pyridine carboxylic acids 
a, P and y (p. 687) are easy to characterize. 

Di-derivatives of pyridine containing the same substituent 
twice can exist theoretically in six isomeric forms, and the 
six dicarboxylic acids are known (aa'-, ajS-, ay-, a^'-, jSy-, 
and jS/S'-) (see p. 688). 

The methylpyridines (picolines) are isomeric with aniline. 

Pyridine, C5H5N [Anderson, 1851), may be prepared from 
bone-oil, and can be obtained pure by heating its carboxylic 
acid with lime; the ferrocyanide is especially applicable for 
its purification, on account of its sparing solubility in cold 
water. It is also found in the ammonia of commerce. Pyridine 
is a liquid of very characteristic odour, miscible with w'ater, 
and boiling at 115°. It is used as a remedy for asthma, and 
also for mixing with spirit of wine in order to render the latter 
duty-free. When sodium is added to its hot alcoholic solution, 
or when solutions of its salts are electrolysed, hydrogen is 
taken up and piperidine, CgHuN, formed (Ladenburg and 
Roth), 

The pyridine ring is extremely stable, but when heated 
strongly with hydriodic acid, pyridine is converted into normal 
pentane. 

The ammonium iodides, e.g. C 5 H 5 N, CH 3 I, give a character- 
istic pungent odour when heated with potash, a fact which 
may be made use of as a test for pyridine bases; it depends 
upon the formation of alkylated dihydro-pyridines, e.g. di- 
hydro-methyl-pyridine, C 5 H 3 N(CH 3 ) [Hofmann, B., 1881, 1497). 

Pyridine is polymeriz^ by the action of metallic sodium 
to dipyridine, (an oil, b.-pt. 286°-290°), with the 

simultaneous production of j>-dipyridyl, C5H4N-C5H4N (long 
needles, m.-pt. 114°), a compound corresponding with diphenyl 
(Chap. XXVII); both of these yield iso-nicotinic acid when 
oxidized. An isomeric m-dipyridyl has also been prepared, 
which gives nicotinic acid when oxidized, and 2:2'-pyridyl 
is formed by dehydrogenating pyridine with FeClj at 300° and 
100 atm. pressure. 

Pyridine can be brominated but not nitrated; it can also be 
sulphonated with the formation of jS-pyridine-sulphomc acid, 
C3H4N*(SOjH), which with potassium cyanide yields j 8 -cyaao- 
pyri^e, 05H4N*CN, or by fusion with potash, /S-hydroxy- 
pyridine, 

2*Aiiiiiio- and 2 : fi-^Uamino-derivatives are formed by the 
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Hction of sodaiiiide on pyridine and subsequent treatment with 
water. The reaction, in the case of 2-amirio-pyridine, can be 
represented as 

H NH. NIK NHNa NIK 


\ “V]\J j Naon. 

\-/ V-. \ 11,0 \=-'' 

They can be diazotized in the same way as aniline, and give 
rise to azo-dyes. 

An azo-compound of medicinal importance is pyridium« 


C{SU,) 

XJ(NH,HC1)*C(N : NPhr 


from benzene diazonium chloride and the 2 : 6-diamino- 
pyridine. 

The three hydroxy-pyridines, CjiH4N(0H) (a-, jS-, y-), are 
best prepared by the elimination of carbon dioxide from the 
respective hydroxy-pyridine-carboxylic acids. The melting- 
points are respectively: a, 107®; jS, 124®; y, 148®, They pos- 
sess the character of phenols, and are coloured red or yellow by 
ferric chloride. As in the case of phloroglucinol, so here also 
there is a tertiary as well as a secondary form to be taken 
into account, the former reminding one of the lactams and the 
latter of the lactims; for instance, y-hydroxy-pyridine may 

have either the “ phenol formula C 2 H 2 \ 

.CO. 

“ pyridone ” formula /CgHg, the latter of the two 

representing a keto-dihydro-pyridine. The two methyl ethers, 
methoxy-pyridine and methyl-pyridone, corresponciing with 
the phenol and pyridone formulae, are both known, and differ 
considerably in properties (M., 1885, 307, 320; B., 1891, 3144). 

The hydroxy- and amino-compounds are more readily 
substituted than pyridine. 

Homologues of Pyridine (cf, Ladenburg, A., 247. 1).— 
Methyl-pyridines or pieolines, C 5 H 4 N(CH 3 ). Dimeibylpyri- 
dines or Intidines and trimethyl-pyridines or collidines are 

present in bone-oil, and on oxidation yield the corresponding 
carboxylic acids. All have pungent odours. The boilix^-points 
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are a 129^ p 142", y 142"-144", aa' 142", ay 157", jSy 164", 
aa'y 171"-172". The jS-compound is obtained from acrolein- 
ammonia (p. 154), and also when strychnine is heated with 
lime, or when trimethylene-diamine hydrochloride is distilled. 

The 5-collidine, aay^ is formed by condensing ethyl aceto- 
acetate and aldehyde-ammonia or from acetamide and acetone 
at 250". Similarly, acetophenone and benzamide yield s- 
triphenylpyridine (C, R., 1916, 162, 876). 

Propyl- and isopropyl-pyridines, C 5 H 4 N(C 3 H 7 ), related to 
coniine, are prepared by heating pyridine with the alkyl 
iodides. Conyrine, CgH^N (liquid, b.-pt. 166"-168"), which is 
formed when coniine, CgHi 7 N, is heated with zinc dust, and 
which yields coniine again when treated with hydriodic acid, 
is a-normal -propyl-pyridine. a-Allyl-p3rridine, C,H4N(C,H5), 
is formed when a-picoline is heated with aldehyde: 

C 6 H 4 N CH 8 + OHC CHs - CbH 4 N CH:CH CH, + H,0 

Reduction transforms it into inactive coniine (b.-pt. 189"-190"). 

Pyridine-carboxylic Acids {Weber, A., 1887, 241, 1). — The 
P3rridine-mono-carboxylic acids, C5H4N(C02H), are formed 
by the oxidation of all mono-alkyl derivatives of pyridine, 
i.e, from methyl-, propyl-, phenyl-, &c., pyridines; also from 
the pyridine-dicarboxylic acids by the elimination of one of 
the carboxyl groups, just as benzoic may be got from phthalic 
acid. The carboxyl which is in closest proximity to the nitro- 
gen is the first to be eliminated. Nicotinic acid is also pro- 
duced by the oxidation of nicotine. The acids unite in them- 
selves the characters of the basic pjridine and of an acid, and 
are therefore comparable with glycine. They yield salts with 
HCl, &c., and double salts with HgClg, PtCl 4 , &c. ; on the other 
hand, they form metallic salts as acids, those with copper being 
frequently made use of for the separation of the acids. 

(For constitution see Skraup and Cobenzl, M., 1883, 436.) 

The a-, jS-, and y-acids are known as picolinic acid, nicotinic 
add, and iso^nicotinio add. All three acids (and also the 
j8y-dicarboxylic acid) readily lose nitrogen as ammonia when 
acted upon by sodium amalgam, yielding aliphatic unsaturated 
acids {Weidd, M., 1890, 501). The respective melting-points 
are 135°, 231° and 309° (in sealed tube). 

The constitution of nicotinic acid follows from its relation- 
ship to quinoline. Quinoline on oxidation yields pyridine 
aj3-dioarboxylic acid, the constitution of which follows from 
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the constitution of quinoline. When heated, the dibasic acid 
loses carbon dioxide, yielding a monobasic acid which is not 
identical with picolinic acid (which can be shown to be the 
a-acid), and therefore it must be pyridine jS-carboxylic acid. 


Pyridine-dicarboxylic acids, C6H8N(C02H), 


a- /3- = Quinolinic acid . . 
a-y- Lutidinic acid 
a-a'“ = Dipicolinic acid , . 
a- ~ Iso-cinchomeronic acid 
P-p"' =* Dinicotinic acid , , 
p.y^ - Cinchomeronic acid 


M.pt. 190^ 
M.-pt. 235“. 
M.-pt. 226“. 
M.-pt. 23G“. 
M.-pt. 323“. 
M.-pt. 266“. 


Quinolinic acid, which crystallizes in short glistening prisms, 
is the analogue of phthalic acid, and is obtained by the oxi- 
dation of quinoline, just as phthalic acid from naphthalene; 
cinchomeronic and iso-cinchomeronic acids are obtained by 
the oxidation of cinchonine and quinine. 

Hydro*pyridines. — According to theory, hexa-, tetra-, and 
dihydro-pyridines may exist. The first of these receive the 
generic name of “ piperidines ”, e.g. pipecoline, C5Hi0N(CH3), 
lupetidine, C5HgN(CH3)2, and copellidine, C5HgN(CH3)3; while 
the tetrahydro-compounds are termed “ piperideins 

Piperidine, CgHuN {Wertheim, Rockleder, 1850 ), is a colour- 
less liquid of peculiar odour, slightly resembling that of pepper, 
and of strongly basic properties yielding crystalline salts. It 
dissolves readily in water and alcohol, and boils at 106 ‘'. 

It occurs in pepper in combination with piperic acid, C12H20O4 
(p. 533 ), in the form of the alkaloid piperine, C17H19NO3, 
CgHigN’CigHgOj, i.e. piperyl-piperidine, which crystallizes in 
prisms, melting at 129 ®; from this latter it may be prepared 
by boiling with alkali. 

(For its formation from pyridine and from pentamethylene- 
diamine see pp. 227 , 681 , 683 .) 

Piperidine is a true secondary amine; its imino-hydrogen is 
replaceable by alkyl and acyl radicals. When its vapour, 
mixed with that of alcohol, is led over zinc dust, homologous 
(ethylated) piperidines are formed. 

When methylated, piperidine yields, as a secondary base, in 
the first instance, tertiary N-methyl-piperidine, C5H^qN(CH 3), 
and then with a further quantity of methyl io^de an ammo- 
nium iodide, dimethylpip^donium iodide. The correspond- 
ing hydroxide does not decompose in the usual manner when 
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distilled, but yields water and an aliphatic base, “ dimethyl 
piperidine’’, C^HigN or CHatCH-CHa-CHa-CHg-NMe^. 

The latter forms a quaternary iodide, the hydroxide of 
which, when distilled, gives trimethylamine and piperylene, 
CHMe : CH'CH : CHg. Tliis process of converting bases into 
their quaternary ammonium salts and the distillation of these 
with alkalis is usually termed exhaustive methylation, and is 
largely used for preparing unsaturated compounds (cf. also 
chapter on Alkaloids). 

The method of exhaustive methylation has also been used 
for ascertaining the relative stabilities of certain ring systems 
(v, Brauriy B., 191G, 2629; 1922, 3818). The method is based 
on the use of a compound containing two different ring systems, 
e.g. pyrrolidylpiperidonium bromide, 

>N(Br)< \ 

^CH,ci!/ 

and determining which ring is ruptured under the influence 
of alkalis. When examined in this way piperidyl-tetrahydro- 
isoquinolonium hydroxide, I — from tetrahydro-isoquinoline, 

OH 


1 : 5-dibromopentane and alkali — yields l-o- vinyl benzyl- 
piperidine, C 5 HioN’CH 2 *CeH 4 -CH:CH 2 , indicating that under 
these conditions the tetrahydro-isoquinoline ring is ruptured 
more readily than the piperidine ring. As the result of 
numerous experiments the following has been shown to be 
the order of increasing stability of N rings: tetrahydro-iso- 
quinoline, dihydro-isoindole, pyrrolidine, pij)eridine, dihydro- 
indole, tetrahydroquinoline. 

Cyanogen bromide (p, 307) can also be used for producing 
fission of N rings, and in this case also the order of stability is 
practically the same, with the exception of the dihydroindole 

ring /CH 2 , which, although stable when treated 

^NMe^ 


by the process of exhaustive methylation, is readily ruptured 
by cyanogen bromide (ibid. 1918, 96, 255). 
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XLIV. QUINOLINE AND ACRIDINE GROUPS 

A. Quinoline Group 

The quinoline group comprises the compounds formed by 
the condensation of a benzene nucleus with a heterocyclic six- 
membered ring. The best- known examples are: 


CO 
CH 

Couraarin 

(benzene + 1 ; 2 pyrone) 



Quinoline 

(benzene + pyridine) 




CO 

Chromone 

(benzene +1:4 pyrone) 



Iso-quinoline 
(benzene + pyridine) 


1. CHROMONE GROUP 

Chromones. — The coumarins and chromones are closely 
allied, and both types of compounds are sometimes formed 
in the same reaction. Couraarin has already been described 
under o-hydroxycinnamic acid, of which it is the lactone. 
Chromone, prepared by Ruhemann and Stapleton (J. C. S., 
1900, 1185) melts at SS'’, and the parent substance chromane, 
.0~CH, 

C^H 4 <^ I , can be prepared (a) by condensing trimethy- 

lene chlorhydrin with sodium phenoxide to form phenyl 
y-hydroxypropyl ether, C 4 H 5 * 0 -CH 2 *CH 2 *CH 2 * 0 H, and heat- 
ing this with zinc chloride, or (6) by heating y-bromopropyl 
phenyl ether (from trimethylene dibromide and sodium 
phenoxide) with zinc. Yield, 65 per cent. An attempt to pre- 
.0 - CH 

pare chromene, C 4 H 4 (; || , from o-allylphenol by con- 

^CHa-CH 

version into the acetate, then into the dibromide, and the 
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action of ulcoliolic potash on this, gave the isomeric methy- 

lene-coumaran, ( ^CrCHg (Chap. XLI) (Adams and 

Rindftcss, J, A. C. S., 1919, 648). 

3 : 7-Dihydxoxy chromone is formed by the atmospheric 
oxidation of brazilein, a complex compound obtained from 
brazilwood. 

o 

I. 


Chromone and its 2-phenyl-derivative, flavone I, are the 
parent substances of important yellow dyes found in the vege- 
table kingdom. All of these contain hydroxy groups and are 
found in the form of glycosides. 

Hydroxy compounds of 3-phenyl-chromone are termed 
tv<7o-flavones, and derivatives of 3-hydroxy-flavone are flavonols 
(cf. Chap. LXIV, B,). 

Resacetophenone (2 : 4-dihydroxy-acetophenone) with sodium 
acetate and acetic anhydride yields 7-ace toxy-3-acetyl-2- 
methylchromone and many other hydroxy-aceto-phenones 
behave in the same way, but not those containing ortho 
OH groups (Rostanecki and others, B., 1901, 107). The 
method has been extended to the naphthyl series (J. C. S., 
1931, 1165, 2591), and also to hydroxy-propiophenones and 
butyrophenones (ibid. 1245, 1877). 


2. QUINOLINE AND ITS DERIVATIVES 

Quinoline (for structure cf. p. 694) bears the same relation- 
ship to naphthalene that pyriAne does to benzene, its molecule 
consisting of condensed benzene and pyridine nuclei. It occurs, 
together with derivatives, in both coal-tar and bone-oil, and 
may be obtained by heating certain alkaloids with potash, e.g. 
cinchonine yields quinoline itself (Oerhardiy 1842), and quinine 
gives methoxy-quinoline. 

Among the various syntheses of quinoline and its deriva- 
tives the following may be noted: 
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1, The first synthesis (Koevitjis) was hy the oxidation of 
allyl-aniline by passing its va}>our over heated lead oxide: 

.N CH 

0«H, NH CH, CH :CH, + 20 - I + 2H,0. 

^ciircM 


2. Ill the common synthesis (Skrauj), B., 1887, 1002) aniline 
is heated with glycerol and sulphuric acid in presence of nitro- 
benzene or arsenic acid as oxidizing agent: 

/NH, HOCHa N -CH 

C,H4 + I -f o (yi, I -f 4H,0. 

MI HO CHa C^Il OH UH ! CH 


The intermediate products are probably acrolein and 
acrolein-aniline, CgH^-N: CH*CH:0H2. The homologues and 
analogues of aniline yield homologues and analogues of quino- 
line by corresponding reactions; when a naphthyl-amine is 
used, the more complicat/cd naphtho-qiiinolines are formed. 

3. Baeyer and Drewson (B., 1883, 2207) obtained quinoline 
by the elimination of the elements of water from o-amino- 
fcinnam-aldehyde : 


.CHICHCHO 


UH : CH 
N ■ - (^H 


+ H,0. 


If o-amino-cinnamic acid is used, carbostyril (a-hydroxy- 
quinoline, p. 695) is obtained (Baeyer): 


/CH : CH-COgH /CH : CH 

C,n/ ^ Cell/ I -h H^O. 

^NH, M^{OH) 


4. When aniline is heated with aldehyde (paraldehyde) and 
hydrochloric acid, a-methyl-quinoline (quinaldine) is obtained 
{Doebner and v. Miller). 

In this reaction ethylidene-aniline is formed as an inter- 
mediate product (B., 1891, 1720; 1892, 2072): 

/H OCHCH, /Ch:ch 

CJI/ 4- -HO - CeH/ I *H 3H,0. 

OCHCH, \N--CCH, 

Aniline Quinaldine 

Here, again, various other primary arylamines may be used 
instead of aniline, and other aldehydes or ketones instead of 
paraldehyde(B., 1885, 3361; 1886,1394). 
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5. Aniline and acetoacetic acid combine together at tem- 
peratures above 110® to aceto-acetanilide, CHg-CO-CHj’CO* 
NH'CeHg, from which 4-methyl-2-hydroxy-quinoline methyl- 
carbostyril '*) is formed by the elimination of water {Knorr, A., 
1886, 236, 75): 

CfiH.NHCO /N==U'OH 

1 I -fH,0. 

CH,COCH, ^CH,) : CH 

Aniline can also react with acetoacetic ester below 100®, 
yielding ethyl j 3 'Phenyl-amino-crotonate, C6H5-NHC(CH3) : 
CH-COgCgHg, which yields 2-methyl-4-hydroxy-quinoline when 
heated {Conrad and Limpach, B., 1887, 944): 

CJI^NHCCH, vN~=:=^CCH, 

II I -fC,H,OH. 

C,HjOCOUH ND{0H) : CH 


j8-Diketones and other compounds closely related to aceto- 
acetic ester also condense with aniline. In place of jS-di- 
ketones, mixtures of ketones and aldehydes, or mixtures of 
aldehydes which would yield jS-diketones or j3-ketonic alde- 
hydes if condensed together (0. Beyer, B., 1887, 1767), can be 
employed. With acetyl-acetone 2 : 4-dimethyl-quinoline is 
formed (B., 1899, 3228): 


C,H,NH, 


CH,COCH, /N-=-CCH, 

+ 1 c,h/ I 

COCH, H^(CH,):CH 


+ 2H,0. 


These reactions are nearly allied to those already spoken of 
under 4. 

6. o-Amino-benzaldehyde condenses with aldehydes and 
ketones under the influence of dilute caustic soda solution, 
yielding quinoline derivatives (Friedldndefy B., 1882, 2574; 
1883, 1833; 1892, 1752). With aldehyde quinoline itself results, 
and with acetone quinaldine: 


/NH* COR' /X.— V.IV 

C*H4< -e I CJd/ I 4- 2H,0. 

x;ho CH.R \ch:cr 


N=-CR' 


Acetophenone, acetoacetic ester, malonic ester, diketones, 
ftc., also react in a similar way. 

Constitution . — The above modes of formation (especially 3 
and 6) show that quinoline is an ortho-di-substituted-derivative 
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of benzene, and that it contains its nitrogen linked directly to 
the benzene nucleus; they also show that the three carbon 
atoms, which enter the complex, form a new hexagon (pyri- 
dine) ring with this nitrogen and with two carbon atoms of 
the benzene ring. The latter point also follows from the 
oxidation of quinoline to pyridine-dicarboxylic acid (Hooge- 
werff and van Dorp ) : 

/Ch:ch co,Hccii:cH 

CeH,< I + 90 = j| I 4- 2C0j + H^O. 

\N CH CO^H C- N : CH 

Qiiinolinc Quinolinic acid 


The constitutional formula is therefore: 






or 



according to which quinoline is constituted in a manner per- 
fectly analogous to naphthalene, and may be regarded as 
derived from the latter by the exchange of OH for N, or as 
formed by the condensation ” of a pyridine and a benzene 
nucleus. 

When quinoline derivatives are oxidized, the benzene ring 
is usually more readily ruptured than the pyridine one, e.g. 
quinoline yields pyridine-dicarboxylic acid (p. 687). a-Methyl- 
quinoline gives, on the other hand, o-acetyl-amino-benzoic acid 
when oxidized: 


a H /COOH 

-h 60 - C,H4< 

-CH, \nHCOCH, 


+ CO*. 


(For laws governing the oxidation of quinoline derivatives 
see W, V, Miller, B., 1890, 2252; 1891, 1900; M., 1891, 304.) 

The three hydrogen atoms of the pyridine nucleus, counting 
from the N, are designated as a-, jS-, and y-, and the four hydro- 
gen atoms of the benzene nucleus as o-, m-, p-, and a- (ana-) 
hydrogen atoms, or more commonly the numbering shown 
above is adopted, the nitrogen atom being numbered 1 ^nd 
the carbon atoms consecutively 2, 3, &c., up to 8. As no two 
hydrogen atoms are symmetrically situated in the molecule, 
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seven mono-substituted derivatives of quinoline are in each 
case theoretically possible. As a matter of fact, all seven 
quinoline-monocarboxylic acids have been prepared. 

The position of the substituents follows : (a) from the nature 
of the oxidation products, e.g. B-quinoline-carboxylic acid (i.e, 
an acid in which the carboxyl is attached to the benzene 
nucleus) yield a pyridine-dicarboxylic acid, while a Py-quino- 
line-carboxylic acid (in which the carboxyl is linked to the 
pyridine nucleus) yields a pyridine-tricarboxylic acid ; (6) from 
the synthesis of the compound in question. The methyl- 
quinoline, for instance, which is obtained from o-toluidine by 
the Skratip synthesis must be the 8-methyl-quinoline: 



4 c«h,(OH)3 + o -> 



+ 4H,0. 


whilst ?n-toluidine must yield a 7- or 5-, and p-toluidine a 
6-methyl quinoline. 

Quinoline (Runge, 1834) is a colourless strongly refracting 
liquid of a peculiar and very characteristic odour. It boils at 
239®, is a mono-acid base, forms a sparingly soluble dichromate, 
(C^HjNlg, H2Cr207, and is used as an antifebrile. As a tertiary 
base it yields Quinolonium salts (Roser, A., 1893, 272, 221). 

Nascent hydrogen transforms it first into dihydro-quinoline, 
C9H9N, which melts at 161®, and then into tetrahydro-Quinoline, 
,NH CHj 

CgHiiN, = 1 , a liquid boiling at 245®. The pyri- 

dine is more readily hydrogenated than the benzene ring, as 
both of these yield nitrosamines and can be alkylated, and are 
secondary bases. The tetrahydro-compound exerts a stronger 
antifebrile action than the mother substance, especially in the 
form of its ethyl derivative, cidrolm. 

Quinoline decahydride, C|^0Hx7N, forms crystals of a narcotic, 
coniine-like odour, melts at 48®, and boils at 204®. 

Halogen derivatives of quinoline and nitro-quinolines have 
been prepared by the Skraup reaction, &c.; and, from the 
reduction of the latter, amino-quinolines, C9HeN(NH2). The 
quinoline-sulphonic acids yield cyano-quinolines with potassium 
cyanide, and hydroxy-quinolines when fused with potash. 

2-H^oxy«Quino]in6» carbostyril, is a quinoline hydroxylated 



690 XLIV. QUINOLINE AND ACRIDINE GROUPS 

in the pyridine nucleus (see p. 692, mode of formation 3). It 
crystallizes in colourless needles, melts at 198®, and is soluble 
in alkali, from which it is again thrown down by carbonic 
acid. Its constitution follows from its formation from o-amino- 
cinnamic acid (p. 523). 

Qiamaldine* 2-methyl-quinoline, CjqHjN, is contained in coal- 
tar. It is a colourless liquid of quinoline odour, and boils at 
246°. When oxidized with chromic acid it yields a qiiinoline 
derivative, with permanganate a pyridine-tricarboxylic acid. 

The hydrogen of the methyl group readily enters into 
reaction; quinaldine condenses with phthalic anhydride to 
produce the dye, qainoline-yellow, CioH7N(CO)2C0H4, the 
disulphonic acid of which is qiimoline-yellow S. A mixture 
of quinoline and quinaldine is transformed into the (unstable) 
blue dyes, the cyanines, when alkylated and treated with 
caustic potash. These are used as sensitizers for photographic 
plates (cf. Chap. LIX, F.). 

Quinoline-carboxylic Acids« — Cinchoninic acid, quinolineA- 
carboxylic add, C 9 HgN(C 02 H), which is obtained by the oxida- 
tion of cinchonine with permanganate of potash, crystallizes in 
needles or prisms and melts at 254°. From it is derived quinic 
acid, 6-methoxy-quinoline-i-carboxylic acid, C 2 H 5 N(OCn 3 )* 
COgH, which is obtained by oxidizing quinine with chromic 
acid; it forms yellow prisms, melting at 280°. Quinoline- 
2 : 3-dicarboxylic add, or acridinic add, is formed by the 
oxidation of acridine. 


3. ISO-QUINOLINE 

boHluinoline, an isomer of quinoline, occurs along with the 
latter in coal-tar. It is a solid, melts at 23°, and boils at 240°. 
Since oxidation converts it into cinchomeronic acid on the 
one hand and phthalic acid on the other it possesses the con- 
stitution: 

yCH:N 
QH/ I 
XJHICH; 

and this is supported by the following syntheses*: 

(1) Homophthalic acid, I, in which the substituents are in 
the o-position, yields the cyclic imide by heating the ammoniuin 

*For fynthesift from j9-nsphthaquinone see B., 1892, 1138, 1493; 1894, 
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salt, and this with phosphorus oxychloride reacts as the enol, II, 
yielding dichloro-iso-quinoline, which is reduced by hydriodic 
acid and red phosphorus to iso-quinoline. 


I 



0*H 

Hj-COjH. 


II 



(2) From the enolic form of benzylaminoacetaldehyde 
hydrochloride and fuming sulphuric acid: 


/CHjN 

: CII OH C.hZ I 

M)h:c: 


CHa-NH 

IH oxidn. 



(E, Fischer, B., 1893, 764). 

(3) A simple synthesis of iso-quinoline derivatives is as fol- 
lows: An unsatiirated ketone is formed by condensing an 
aromatic aldehyde with acetone; this is reduced and then 
converted into the oxime, from which, by the BecJcTnann re- 
arrangement, dihydroisoquinolines are formed together with 
other products (B., 1916, 675): 

: 0 -V CeH^ CH I CH COMo 

-> >Mc C^Hj CHi-CHa CMe : N OH 

X;Me : N 

CeH 4 (' I 8-m©thyl-2 * 3-dihydroi8oquinoline. 


(4) 1-Alkylisoquinolines can be synthesized from allo-o- 
cyanocinnamic acid ; this with bromine followed by water gives 
trans-oi-brorno-o-cyano-styrene, I, which can react with 
nard compounds R Mg*Br, yielding II, and this on heating 
gives III. 

CR 


I 


HCBr 

CNC6H4CH 


II 


HCBr 

BrMgN*CR*C,H4CH 



B. The Acridine Group 

Acridine, CigHj^N (Qraehe and Caro), is a basic constituent of 
the crude anthracene of coal-tar, and also of crude diphenyl- 
amine, It crystallizes in colourless needles, may be sublimed, 
and is characterized by an intensely irritating action upon the 
epidermis and the mucous membrane, and also by the greenish- 
blue fluorescence shown by dilute solutions of its salts. 
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Acridine stands in the same relationship to anthracene that 
pyridine does to benzene or quinoline to naphthalene. It may 
be regarded as anthracene in which one of the CH groups of 
the middle ring is replaced by N. The constitutional formula, 

CH CH 

(I) or (II) 


is based (a) upon the oxidation of acridine to qui noline' 
2 : 3-dicarboxylic acid, and to pyridine tetracarboxylic acid — 
the jo-union between C and N in I becomes ruptured during 
the oxidation; {b) upon its synthesis from diphenylamine and 
formic acid, or formyl-diphenylamine, (CgH 5 ) 2 N-CHO, with 
zinc chloride (Bernthsen, A., 224, 1): 

(5» 

/H ch:o h. ch^ 

c,H/ I Vyi, « C.H/ 1 XH 4 ^ ihO, 

\ X ^N-'' 

Formyl-diphenylamine Acridine 


It is also obtained when the vapour of o-tolyl-aniline is passed 
through a red-hot tube. An interesting synthesis is by boiling 
o-aminobenzaldehyde and iodobenzene in nitrobenzene solu- 
tion with NagCOg and Cu powder (B., 1917, 1306): 

/CHO ^CH. 

CJl/ + ;>C«H, -> C,H,( 

N 


Acridine is a tertiary base, and as such combines with alkyl 
iodides, yielding acridonium iodides. It is a much feebler 
base than quinoline, and on reduction readily forms a dihydro- 
derivative, which is not basic. 

9-Methyl- and butyl-acndines, phenyl-acridine, and 
naphtho-aeridines (i.e. acridines which contain CioHe instead 
of C<,H 4 ) have ail been prepared synthetically. 

Acridine, like anthracene, is a chromogene, and gives rise to 
the acridine dyes (Chap. LIX, F.). 


The oxygen analogue of dihydro-acridine, CJi 

is diphenylene-methane oxide» or xanthene, CqII 


/CH, 






NH' 

CH, 


N 
‘Vo-/ 


CeH„ 
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a decomposition product of alumiaium plienoxide, also obtained 
})y distilling euxanthone over zinc dust. It crystallizes in plates, 
and melts at 98-5°. It is on the one hand the mother substance 
/CO, 


of xanthone^ C(jH 4 <^ /CgH^, and its derivative euxanthone 

.CO. 

or dihydroxy-xanthoney OII*CgH 3 <^ ^CgHg-OH, and, on the 

\.o-/ 


other hand, of the rhodamines and fluoresceins (Chap. XXX, 
A4). Its tetramethyl-diamino derivative is formed by the 
condensation of formaldehyde with w-dimethylamino-phenol 
to te trame thy 1-diamino-dihydroxy-diphenybme thane and sub- 
sequent elimination of water (ring formation), and is the leuco- 
compound of formo-rhodamine or 'pyroniney Ci^IIjgNgOCl, into 
which it passes upon oxidation and production of quinonoid 
linking : 

1^3)2 

H,c< ^0 nc<^ 

Xn/N(CH,), N(CH,),C1 


Leuco-compound 


Formo-rhcxlaminc liydrochloridc 


XLV. SIX-MEMBERED HETEROCYCLIC COMPOUNDS 
WITH NOT MORE THAN FOUR CARBON 
ATOMS IN RING. AZINES, ETC. 


A number of six-membered heterocyclic compounds, con- 
taining four carbon and two other atoms, are known, e.g. par- 
oxazine, with IC, 10, and IN, the 0 and N in the p-position. 

/CHjCH*. 


A derivative of this is morpholine, 0: 




^NH. Simi- 


larly, thiazines (4C, IS, IN) and diazines (4C, 2N) are known; 
and these are the parent substances of numerous important 
dyes. The majority of these dyes are not simple derivatives 
of oxazines, thiazines, or diazines, but are derived from con- 
densed benzene and oxazine, or benzene and diazene nuclei, 
and may be compared with anthracene. For example, phena- 
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zine is anthracene in which two CH-groups have been replaced 
by two N-radicals: 



Anthracene Phenazine 


dihydro-phenazine corresponds with dihydro-anthracene, and 
phenoxazine with dihydro-anthracene in w’hich one CHg has 
been replaced by 0 and another by NH, e.g. : 


(I) 


/NHv /NIK /NH. 

C.hZ yC,ll, (II) CeH^ )€eH, (III) Cell/ 


Dihydro-phenazine 


Phenoxazine 


Phenthiazine 

(thio-diphenylamine) 


Further, the benzene nuclei may be replaced by those of 
naphthalene, with the formation of: 


(IV) 

Naphthazine 


/NH\ 

(V) C„H,<^ ^ 

Naphtho-phenoxazine 


An isomeride ol.»tained from p-chloraniline, ZnClg and AIOI 3 , 
is represented by formula VI, and contains a ring with 10 atoms. 


(VI) 


/\ 


=:N~ 





The compounds (I-III) of the type of dihydro-anthracene 
are the leuco-compounds of dyes when they contain an amino- 
(alkylamino-) or hydroxy-group in the paro-position to the 
nitrogen. The dyes themselves are derived from amino- or 
hydroxy-phenazines (see Chap. LIX, H.). 


THE DIAZINES 


The three simple diazines are: 




(3) 

^N-~CH 

\3h:ch 

Pyridazine 



Pyrimidine 


a)N 


yCHCH 

^m:^h:ch 

PyraJEine 
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Pyridazine is a colourless liquid, b.>pt. 208°, is miscible with 
water, has an odour of pyridine, and forms soluble salts 
(Preparation, B., 1895, 451; Derivatives, Annales, 1914, ix, 
2, 403). 

Pyrimidine can be obtained from barbituric acid and from 


methyluracil (p. 324); it forms colourless crystals, m,-pt, 22° 
and b.-pt. 124°. The pyrimidine ring is met with in uric acid 
and in most purine derivatives (cf. B., 1901, 3248). 

Substituted pyrimidines are formed on hydrolysing pro- 
teins. (For study cf. Johnson and co-workers, J. A. C. S., 1924- 
1938.) They are formed by the action of guanidine (p, 317) 
on hydroxy-methylene ketone (B., 1930, 2601). 

Pyrazine forms colourless prisms, m.-pt. 47°, b.-pt. 118°, and 
is basic (J. pr. [ii], 61, 449). Dimethylpsrrazine, Ketin, is 
present in crude amyl alcohol, and can be obtained by the 
reduction of isonitrosoacetone or by condensation of amino- 
acetone. Tetraphenylpyrazine is readily obtained from ben- 
zoin. Hexahydropyrazine or piperazine is diethylene-diamine 
and is a solid, m.-pt, 104°, b.-pt. 145°, and is used in medicine as 
a uric acid eliminant. It is manufactured by the action of 
ethylene bromide on aniline, converting the diphenyldiethylene- 
/C,H 

diamine ^NC^Hg into its di-p-nitroso-deriva- 

tive and hydrolysing this to phenol and piperazine. 

Of the compounds formed by the union of a benzene 
and a diazine nucleus the most important is quinoxalme, 


CgH, 


/ 

\ 


N:CH 

N:CH 


which is obtained from o-phenylene-diamine and 


glyoxal. Substituted quinoxalines are formed by condensing 
a-diketones, a-ketonic acids, &c., with o-phenylene-diamines. 
Of more importance is the group of compounds containing 
two benzene nuclei condensed with one diazine ring, e.g. 
phenazine. 

Phenazine, or azo-phenylene (p. 700), is obtained by the dis- 
tillation of barium azo-benzoate, or by leading the vapour of 
aniline through red-hot tubes; also from nitrobenzene, aniline, 
and sodium hydroxide at 140°, or by the oxidation of its 
hydro-compoimd (see below). It crystallizes in beautiful, 
long, bright-yellow needles melting at 171°, and can be readily 
sublimed. It is only sparingly soluble in alcohol, but readily 
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in ether, and also dissolves in concentrated sulphuric acid to a 
red solution; the alcoholic solution yields a green precipitate 
on the addition of stannous chloride. When reduced with am- 
monium sulphide it yields the colourless hydro-compound, di- 
hydro-phenazine, which may be obtained syntheti- 

cally by heating catechol with o-phenylene-diamine : 

/OH /NH. 

Call/ + == CeH/ >CeH, 4 2H,0. 

^OH NHj 

The entrance of hydroxy- or amino-groups into these azines 
converts them into dyes. In accordance with modern views of 
the quinonoid structure of dyes these derivatives are usually 
given ortho or para quinonoid formulae : 

Ns 

Vara. CeH/‘ 'VoH,;NH: ortho, V'sHa'NHj, 

'''N 

and similarly for hydroxy derivatives. For the more impor- 
tant of these dyes cf. Chap. LIX, H. 

/CON II 

An indicator, (N0o)2C<.H./ , a pyrimidine derivative, 

can be obtained from anthranilic acid by the following series 
of reactions: 

/COaH A(Kn 

C H c -> 0 PT < 

*\NH, KCNO ‘ * ' 'NH CO NH, Caustic soda and 

acetir' acid 

/CO'NH /CONH 

J (NO,),(;il,/ ; 

^NHCO NHCO. 

It gives a greenish-yellow colour with hydrion concentrations 
of 10~®; below lO”® it is colourless (J. A. C. S., 1916, 1606). 

PHENOXAZINES AND PHENTHUZINES 

Phenoxazine (p. 700) is obtained by heating catechol with 
o-aminophenol. Phenthiazine (p. 700) is formed by heating 
phenylamine and sulphur with AlClg or I, and is a powerful 
insecticide. For phenoxazine dyes see Chap. LIX, H. 

Derivatives of octahydrodipyridobenzene I are known 
(Helv., 19B6, 439), and can be obtained by condensing 1 : 3- 
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phenylenediacrylic acid, CeH 4 (CH:CH*C 02 H), reducing, nitrat- 
ing to 4 : 6-dinitro-comf)ound, reducing to diamine, heating 
to 260^ to produce ring closure and the cyclic diketone reduced 
with P and I: 


HN NH 



XLVL CO-ORDINATION COMPOUNDS 
A. Co-ordinated Metallic Complexes 

This was the term given by Werrier to certain types of 
additive compounds and complex salts comprising the metallic 
ammines, aquo-compounds, oxalates and cyanides. Werner 
pointed out the difference in combining power between an 
atom attached to only one type of element and the same atom 
attached to two or more types, e.g. NHg or NClg compared 
with NH4CI, PtCl4 and KgPtCle, Fe(CN )3 and K 4 Fe(CN) 6 . 

He pointed out that, in the case of salts, certain atoms or 
groups appeared to be in an outer sphere — what are now 
termed the simple cation or anion, and that in the remainder 
of the molecule (the other more complex ion) the metallic 
atom was attached to 4 or 6 other atoms, radicals, complexes 
or molecules (e.g. NHg or HgO). This number is termed the 
co-ordination number, and is always 4, 6 or occasionally 8. 
Werner found it difficult to give structural formulae for these 
compounds based on the usual valencies of the different atoms 
and groups, and therefore introduced the idea of subsidiary 
valencies which he denoted by dotted lines. The structure of 
these co-ordination Compounds or ions is readily explained in 
terms of the electronic structure of atoms (pp. 14 et seq.), and 
W emerge subsidiary valencies become co-ordinate linkings. 
Take the formation of ammonium chloride by the combination 
of ammonia and hydrochloric acid. The electron structure of 
the nitrogen atom is 2 : 2, 2, 1, and to attain the neon structure 
2:2, 2, 4 it requires 3 more electrons, and these it obtains 
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by sharing an electron from each of 3 hydrogen atoms, so 
ammonia is 

with still a pair of unshared (lone) electrons. The hydrogen 

+■ — 

chloride is ionized H and Cl, i.e. the hydrogen atom is de- 
prived of its one electron, and to attain the helium structure 
it must obtain 2 electrons, and this it does by sharing the 2 
lone electrons of the nitrogen atoms, and since both electrons 
are derived from the nitrogen, and not one each from N and H, 
the union is a co-ordinate link 

H^-N^H and CL 


With unionized ammonium chloride the structure is 


■\ 

>n(h 


with covalent linkages only. 

In all the complex cobalt, iron and chromium compounds 
it will be found that they can be represented as built up by 
means of covalent and co-ordinate linkages, and in a great 
many cases it is found that by the formation of these com- 
plexes the central atom, cobalt or iron, attains the stable 
electronic structure of the next inert gas. 

Thus the compound Co(NH3)gCl3 is a salt and ionizes into 

+ -h+ - 

Co(NH 3)0 and 3C1, the co-ordination number of the complex 
ion is 6, and it can be represented as 



The ionic structure of the Co atom is 2 ; 2, 2, 4 : 2, 2, 4, 4, 4 : 1, 
and that of Krypton 2 : 2, 2, 4 : 2, 2, 4, 4, 6 : 2, 2, 4, i.e. the 
Co atom is 9 electrons short of the nearest stable arrange- 
ment, but the Co ion has already given up 3 electrons so 

+ +■ 4 - 

that Co is 12 electrons short, and these it obtains by sharing a 
lone pair of electrons from each molecule of NHj. 
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f 4 — + "f 

In the case of the compound CoClSNHg 2Cl, the Co is 

11 electrons short, and these it obtains as follows, viz. 10 from 
the 5 molecules of ammonia as above and one from the chlorine 
atom, this latter link is a covalent one, and the Co and Cl each 
contributes an electron. 

Somewhat similar phenomena will be found with the com- 
plex })latinum compounds and the relationsliip of Pt to the 
nearest inert gas Em: 

Pt, 2 : « : 18 : 32 : 2, 2, 4, 4, 4 : 2, 

Em, 2:8:18: 32 ; 2. 2, 4, 4, 6 ; 2, 2, 4, 

i.e. 6 electrons short in the 6th sphere and 2 in the 5th, a total 
of 8. ^ + ^ 

In compounds like Pt(-<-Nn 3 )e 4C1 and 2K Pt( — Cl)^, in 
both of which the co-ordination number is 6, the Pt gains 

12 — 4, i.e. 8, and 6 + 2, i.e. 8, electrons respectively, and so 
has the stable configuration. 

Also in the neutral non-ionized compound Pt 2 NH 32 Cl, 
which has a covalent number 4, the Pt atom gains 6 electrons — 
two short of the stable arrangement. 

+ 4 - 

With iron compounds such as FeGHgO 2C1 and FeClglllaO 
(neutral) 10 electrons are required to transform the iron 
system into the stable Krypton system, and these are available 

in the two cases. ^ 

The well-known ferro- and ferricyanides, e.g. [FeGCN] 4K 

and [FeGCN] 3K, in the former of wkich the Fe is bivalent 
and in the second tervalent, are of the same type, and the 
form contains the stable Krypton system. In these and the 
corresponding Prussian blues and Berlin green the cyanide 
group are arranged octahedrally around the central iron atom 
(either ferrous or ferric) state, and the lattice structure of all 
the compounds has been worked out by Keggin and Miles 
(Nature, 1936, by adopting X-ray methods). 

With coiMlex chromium salts the stable arrangement is not 
attained. The arrangements for Cr and Krypton are: 

Cr, 2 :2, 2, 4 :2, 2, 4, 4, 0:2, 

Kr, 2 : 2, 2, 4 : 2, 2, 4, 4, 6 : 2, 2, 4, 

and Cr is 12 electrons short of the stable Krypton arrange- 
ment. 


( B 480 ) 


• See p. 706. 
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4 -f -4- 

The common chromium comx^lexes arc of the types CrGNMs 

3C1, Cr5NH3H2() 3C1, Cr2NH34H20^= 3C1, CrCISNUg 2C1, 

CrC].^4NIl3 Cl, and CrCl32NH3H20, in all of which the 

chromium atom is 3 electrons short of the stable Krypton 
number. 

Numerous organic co-ordinate compounds of cobalt, plati- 
num, iron and chromium are known belonging to the same 

types as those just mentioned, but with organic bases re- 

placing NHg. In a few cases these contain monamines, e.g. 
C2H5NH2, but the great majority contain diamines, the 

commonest of which is ethylenediamine, NHg-CHg'CHg'NHg, 
which takes the place of 2 molecules of ammonia as each N 
atom can supply a lone pair of electrons; in formulae this 
molecule is denoted by en. Such molecules become attached 
to the central atom at two points, and have been termed by 
Morgan chelate f groups, and the ring so formed a chelate 

ring, Co j . Compounds of this type are : 

^NH2Cn2 

[Co 2NII3 2en]J Brg, [Co 3en]Cl3. 

2 : 2'-dipjTidyl, C5n4N-C5H4N, is another twofold chelate 
group and is denoted by dify as in the compounds [Fe 3dipy] 
Brg, GHgO and [Ni .^dipyJClg, GHgO. 

Threefold groups, i.e. groups which can replace three mole- 
cules of ammonia are ajSy-triaminopropane (<yp), e.g. [Co 
2typ]Clj and [Rh2typ]l3 and 2 ; 2' : 2"-tripyridyi 
e.g. [Fe 2trip]Br2, 1-5 HjO and [Ni 2trip]Br2, 3H2O. 

A fourfold associating unity is ethylenediamine-bisacetyl- 
acetone [*CH2*N:CMe*CH:CMe*OH]2, termed ec, which forms 
stable complexes [Co 2NH3 ec]Br. 

For stereochemistry of co-ordinated compounds cf. Chap. L, 
F. 

/H 

• HjO, i.e. , can be a donor of a lone pair of electrons in the same 

H* 

manner as NH*. 

t From the Greek denoting crab^s pincer claw. 

X The portion within the bracket it the complex cation and the atoms 
outside are the anions. 
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B. Chelate Rings involving Metals 


Chelate rings are met with in various types of compounds 
in addition to the complex compounds just described. All 
such rings contain at least one conjugate link and some contain 
two, but the latter compounds are less stable than the former. 
In most cases the rings formed contain 5 or 6 atoms, but in 
a few cases 8. 

The following are examples of chelate rings with co-ordinate 
links involving a metal. Characteristic of these compounds 
is their non-salt-like properties, their solubility in such solvents 
as benzene, and in some cases their volatility, i.e. they can be 
distilled without decomposition. 

(1) Salicylaldehyde gives a sodium compound I which can 
combine with more aldehyde to give II, and the Na can be 
replaced by Li, K, Rb or Cs. 

^0— Na /-O— Na 0(H) . 

I t n t \ >«u*. 

-- 0 \CH -.0 ^ O - CH^ 


The compounds are soluble in organic media but are de- 
composed by water. 

(2) Anhydrous sodium benzoyl-acetone, a derivative of the 
enol CH3*C0-CH:CPh-0H, is a true salt, is insoluble in benzene 

and is probably GHg-CO-CH : CPh-0 + Na, but it forms a 
definite compound with 2 H 2 O which is not salt-like in proper- 
ties, dissolves readily in benzene, and can be represented by 
a co-ordinate chelate ring structure: 


PhC 0 

«< > 

CH3G-0 


Na 


/ \h 

\ /H 
< 


H 


when the sodium atom has the electron structure of argon. 

3. The copper salts of amino-acids, e.g. copper glycocoll, 
are also chelate: 




o — i--=o. 
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Copper also forms chelate rings with benzoyl-pyruvic acid 
I, and with ^-dike tones II: 



4. Thallium. — The compound TlMegl is ionic, TlMcj -f I, 
but the compound formed from acetylacetone, viz. CHg’O 
(OTlMe 2 ):CH*CO*CH 3 , is non-ionic in character, dissolves 
readily in benzene, has a low melting-point, and sublimes in 
vacuo, hence it is regarded as a chelate compound: 

^CMe — 0\ /Me 

CHf >T1< 

\Me 

with 8 electrons in outer shell of TL Numerous homologues 
are known (J. C. S., 1936, 1678). 

5. Lakes. — Most mordant dyes contain the metal of the 
mordant in the form of a chelate ring with the dye. Types 
of diazo-dyes are (1) Diazotized amines with an ortho OH 
(H substituted by metal) group. (M = monovalent metal.) 
(2) A diazotized aminu-salicyHc acid II. (3) The product 
formed from a diazonium salt and jS-naphthol III where fre- 
quently M == Fe, Cr, Al, and in such case can replace the 3 H 
of 3 OH groups. 

N NR 



The mordant alizarin dyes contain chelate rings of much 
the same type. 

With a tervalent metal like Cr the lake may be of the type 
•Cr(OH )2 attached to the 0 of the Oil of the dye or j Cr attached 
to 3 oxygens of 3 distinct OH groups. In addition the Cr will 
be co-ordinated with other 0 or N atoms and sometimes with 
OHj, and the Cr electron system will usually be of the type 



CHELATE KINGS 


709 


mentioaed on p. 700, viz. 3 short of the Krypton system, 
e.g. ralatiiie fast-blue, G.G.N. 

o V>V o SOjN'a 



6. The Leryllium compounds of acetylacetone and similar 
diketones are true ch(date compounds; 

..CMe ~(X .0~-CM(v 

HO^ H’ll, 

CMc '() OiMit 

and also the similar A1 compounds with 3 chelate rings. 

l\jtassium oxalate-beryllium, K2^^(Cjj04)2, bas not a true 
chelate ring structure, as shown in the formula 

0 “"O—Ov /O — C 0 f 

! >Bo/ 2K. 

o C— O' \0--C o 

The compound is stable and ionized; the Be atom attains 
the stable electron oct-et by sharing 4 electrons with 40 
atoms and by taking two from the two K atoms. 

7. Metallic derivatives of a-dioximes are chelate, e.g. the 
Ni compound of dimethylglyoxime : 

CH,C:N'0M 

CH.-irN-W 

All chelate rings differ from holo- or heterocyclic compounds 
by the presence of co-ordinate links, and hence are less stable. 
In nearly all cases they form six-membered rings. 

Carboxylic acids and their salts are not usually represented 
by the chelate rings: 


0 O 



and such four-membered chelate rings are not known. 



710 


XLVX. OO-OHDINATION COMPOUNDS 


C. Chelate Rings involving Hydrogen 


The Hydrogen Bridge* 


Compounds of Class A containing the groups -Cs^ , : N-OIT, 

R-OH show considerable association (polymerization) in 
benzene, whereas the corresponding alkyl compounds (Class B) 


, :N-OR, R-O-R' do not. Further, compounds of 

^OR 


group A do not tend to associate in water or acetic acid, as 
they form compounds with this solvent rather than with 
themselves. A comparison of o-, m-, and ^-hydroxy-aromatic 
compounds, e.g. nitrophenols, shows that the m- and j?-com- 
pounds exhibit the characteristic association in benzene, 
whereas the ortho-compounds do not. This is usually attri- 
buted to internal association or chelation 


.0 
.N O 
I 


and the same holds good for hydroxy-benzaldehydes, hydroxy- 
benzoic esters (OH and 0 of C02Et) in naphthalene solution, 
also with compounds o-X’C^H4-NHAc, where X = NO* 
or CHO. As a rule a six-membered ring is formed. Thus 
o-N02*C4H4-NHAc is chelated (6 ring), but o-N02*C4H4* 
CHj'NHAc is not (7 ring). Similarly, o-CIl3-C4H4*NHAc is 
not appreciably associated as it involves a 5 ring. Further 
arguments in support of the chelation of such o-compounds are 
the facts that they are less soluble in water than their iso- 
merides, they show less tendency to form co-ordination com- 
pounds with water, and their infra-red spectra do not exhibit 
the absorption bands characteristic of true hydroxy-com- 
pounds. When 20H are ortho or peri to CO, then double 


^Latsettre, Chem, Rev., 1937, 259; Huggins, y. Org., 193®, 409. 
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chelation can occur, e.g. naphthazarine (5 : S-dihydroxy-a- 
naphthaquinone) . 



Salicylaldehydc Naphthazarine 


Similarly, acetylacetone, benzoylacetone and dibenzoyl- 
methaiie appear to be free from hydroxyl groups, and hence 
are chelated: 


R— C— O 

>H 

R/ 


The compound 




CIL~CV 




^OH 


shows the presence of free hydroxyl groups and the formation 
of a six-membered chelate ring is difficult from stereochemical 
considerations. 

Chelation does not always occur, thus saturated ethylene 
glycols, amino-alcohols and diamines which theoretically 
could give five-membered chelate rings involving a hydrogen 
bridge do not appear to do so; similarly, o-dihydroxy-benzene 
or 1 : 3-glycols do not chelate although six-membered rings 
would be formed. 

The hydrogen bridge can be represented as formed by singlet 
links (p. 21) ^tween H and 0. 

The usual chelate rings contain two conjugated covalent 
links as in o-substituted phenols, jS-diketones, and j3-ketonic 
esters. As a rule when H is replaced by metal the chelate 
compounds are more stable, and there is the possibility 
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of resonance (Chap. LX XIII), e.g. ortho -nitro-phenol salt. 


O 


t 



II 4 
— C M 


0 

t 

.N. 


~C 


0 

I 

M 




The association (polymerization) met with in carboxyli(‘ 
acid, alchuliols, &c., is probably due to intermolecular 
chelation, two molecules being involved; 




\ 


11 -C" 


and an eight-membered ring being formed. This is a fairly 
stable ring, as the angle of 2 covalent hydrogen is 18 (y\ 

For further examples of chelate rings cf. chlorophyll. 
0“Dihydroxyazo-benzene, OH*C6H4*N : N*Cgll40H, appears 
to have structure I in CCI4 but structure II in ether, as in the 
latter solvent the physical properties are similar to those of 
the methyl ether III 



III 



D. Organic Molecular Compounds 

Many of the molecular or additive compounds formed by 
organic molecules referred to in previous chapters are now 
regarded as co-ordinate complexes. Some of the commoner 
of these are: 
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(1) Tho relatively Htable compounds of Grig nurd com- 
pounds with ether. 




C,H, 


>0 

' 2“6 




ch / \I 


(2) Additive compounds of quinones with amines; the 

>V' 0 iiecomes >C — (), and this with NRg, the N acting 

as donor, forms 



or alternatively 


0 xNRj 


(cf. Bennett and Willis, J. C. S., 1929, 262). 

(3) Additive compounds of phenols with arylamines and 
with cineol (p. 972) (PhiUp, J. G. S., 1903, 829; Morgan 
and Pelm, J. S. C. L, 1935, 22T). 

Ajt ''B Af' 

)>() N:; H No O < Cineol residue. 

\Ar. R/ 


(4) Additive compounds of trinitrobenzene with arylamines, 
&c. (cf. p. 422), and also with phenolic ethers and hydrocarbons 
can be represented as follows: 

One of the nitro -groups — + NR., gives f the N 

of the nitro-groups being the acceptor. With aromatic hydro- 
carbon one olefine link may become polarized, — CH CH — 

f 

becomes — CH — CH — , which adds on to the N of the nitro- 
group. 

{Baker and Bennett, Rep., 1931, 134; cf. also Hammick and 
Sixsmith, J. C. S., 1935, 583, and discussion C. and L, 1938, 
512; Bernal, Trans. Far., 1936, 211.) 


24 4 


( B 480 ) 
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XLVIL REDUCTION 

Reduction is the name usually given to a reaction in which 
oxygen is withdrawn from, or hydrogen added to, a compound; 
in certain cases both of these processes occur. Numerous cases 
of reduction have been mentioned in the j)receding chaj)ters, 
as examples: 

(CgH.)2-N20, azoxy- benzene, -> ( 0611 ^) 2 X 2 , azo-benzeiio (p. 459); 

(Cllgjjj-CO, acetone, — >► (CH 3 ), CH 0H, bfo-propvl alcohol 

(p.H9); 

CgH^-NOg, nitro-benzeno, Cgl^NUg, aniline (p. 433). 

As the reaction is so general, a more detailed discussion of it 
is given in this chapter. 

In addition to the above reactions, viz. withdrawal of 
oxygen or addition of hydrogen, the process previously re- 
ferred to as inverse substitution (p. 32) — the replacement of 
halogen by hydrogen, e.g. CgHgl -> Collg — is usually regarded 
as a type of reduction. 

The processes of reduction and oxidation occur at the same 
time, as the substance reduced (e.g. dichroraato or nitric acid) 
supplies oxygen to bring about the oxidation of a carbon 
compound. 

In terms of electron changes, when an atom or ion is re- 
duced it gains electrons, and conversely when an atom or ion 
is oxidized it loses electrons. A reducing agent is therefore 
one which is capable of donating electrons. 

A. Nascent Hydrogen”. — Of the numerous methods that 
can be employed for reduction, one of the commonest is by 
means of ** nascent hydrogen ”, i.e. hydrogen generated in the 
prcvsence of the substance to be reduced. The fact that the 
majority of these reductions cannot be effected by means of 
ordinary gaseous hydrogen, but can be readily attained by 
the use of hydrogen at it& moment of formation, is used as an 
argument in favour of the view that nascent hydrogen consists 
of the free atoms. Reductions by this method can be con- 
ducted under very varying conditions; and it is of extreme 
importance to note that the conditions are a prime factor in 
determining the nature of the product. It has akeady been 
pointed out that the reduction of nitro-benzene can give rise 
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to azoxy-benzene, azo-benzene, phenyl-hydroxyl-amine, or 
aniline, according to the conditions nnder which the reaction 
occurs; and similar phenomena have been mentioned in the 
case of the reduction of terephthaiic acid (Chap. XXVI, B.). 

Such reductions may take place in acid, alkaline, or neutral 
solution, and tliis affords a simple method of classification for 
these reactions. 

(a) Reduction in Acid Solution. — Almost any combination 
of acid and metal which gives rise to hydrogen may be 
employed for this purpose; but the usual combinations are 
tin and hydrochloric acid, zinc and hydrochloric acid, zinc and 
acetic acid, zinc dust and acetic acid, iron and acetic acid. 

The usual method employed in the laboratory for the 
reduction of nitro-compounds to the corresponding amino- 
compounds (see Aniline) is by means of tin and hydrochloric 
acid. The metal is first converted into stannous, and then 
into stannic chloride: 

Sn + 2HC1 - iSriCla f 211; SuCl^ 4 2HC1 SnCl* + 211; 

CaH^NOg -f 6B «= CcH. NHg f 2HgO; 
or CgHglNOg), + 12H » CeHgtNHg)^ + 4HgO. 

The method has certain objectionable features which render 
it unsuitable for use on the manufacturing scale. Among 
these may be mentioned (a) need for large excess of concen- 
trated acid, and the fact that this acid will subsequently have 
to be neutralized, (b) The strong acid is liable to react with 
the reduction product, yielding halogenated amines. The in- 
troduction of the halogen into the benzene nucleus probably 
occurs in the following manner: 

-> (^eiis-NH OH O^H^ NHCl -> Cl CgHg-NH, 

(Bamberger). Such chlorinated amines are always liable to be 
formed when concentrated hydrochloric acid is used in com- 
bination with a metal for the reduction of nitro-compounds, 
and in some cases, e.g. p-nitrophenetole, a 90 per cent yield 
of a chloro-compound, NIIg-CgHaQ-OEt, is formed. By using 
dilute acid the formation of the chloro-compound is eliminated. 
(c) The reduced compound often combines with the stannic 
chloride to form a double salt, e.g. CeH5*NH2, HCl, SnCl4, 
and certain of these are somewhat difficult to decompose. 

Aliphatic nitro-derivatives may also be reduced to amines 
by this method, except in cases where two nitro-groups are 
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attached to the same carbon atom, when a ketone is formed. 
Other examples are the conversion of cyclic derivatives into 
hydro-derivatives, e.g. p-hydroxy-qiiinoiine to tetrahydro-p- 
hydroxy-quinoline, and of sulphonic chlorides, R-SOg-Cl, into 
thio-phenols, R*SH. 

In many cases tin-foil is stated to be preferable to granu- 
lated tin, as it exposes a larger surface, and occasionally 
alcoholic solutions of the hydrogen chloride are used in place 
of aqueous. Stannous chloride and hydrochloric acid occa- 
sionally give better yields than tin and acid; thus nitro- 
methane is reduced to methyl-hydroxylainine, and the method 
has been recommended for the estimation of nitro-groups. 
An excess of standard stannous chloride solution is used, and 
the excess titrated after the reduction is complete, each nitro- 
group requiring 3 gm. molecules of stannous chloride. 
Secondary aliphatic nitro-compounda when reduced by this 
method yield ketones. The isonitro-group *NO*OH is reduced 
to the oxime group :N*OH, and this is hydrolysed by the 
acid and the ketone formed (v. Braun, B., 1911, 2533; 
1912, 394). 

Stannous chloride is sometimes used without the addition 
of free acid; thus Witt, by reducing amino-azo-benzene with 
alcoholic stannous chloride, obtained aniline and p-phenylene- 
diamine : 


C,H5 N:N C«H,-NH, + 4H « NH, -f NJJ, CeH4 NH„ 

but chlorinations can also occur. 

Most of the objections referred to in connexion with the 
reduction of nitro-derivatives by means of tin and hydro- 
chloric acid may be avoided by using iron and acetic acid or 
dilute hydrochloric acid. This method is usually adopted on 
the manufacturing scale, as only a small amount of acid, some 
one-fortieth of that indicated by the equation, 

C^H^NO, + 3Fe + 6HCI - + 3FeCI, -h 2H80, 

is required. The reason for this may be that the ferrous 
chloride reacts with the aniline and water, yielding ferrous 
hydroxide and aniline hydrochloride; 

Fea, + 2C,H,NH, 2HjO - Fe(OH), + 2CeH4NH„ HCl. 

The hydrochloride then reacts with more iron, producing 
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ferrous chloride and hydrogen, which can reduce more of the 
nitro-compouiid (cf. p. 433): 

The iron method possesses further advantages, as the 
reduction can be regulated much more readily than in the 
case of tin and acid. Thus p-nitro- acetanilide reduced by 
the iron method gives the corresponding amino -compound, 
NLl 2 *Cen 4 -NlI*CO*CH 3 , whereas with tin and hydrochloric 
acid hydrolysis and reduction both occur, and the product is 
p-phenylene-diamine. 

Iron and acid may also be employed for the reduction of 
aromatic polyiiitro-com})Ounds to arnino-nitro-derivatives: 

CelUNO^), NH, CeH4 NOa, 

but such a reduction is almost impossible with tin and acid. 

Zinc, as granulated zinc, or more frequently as zinc dust, is 
also used in conjunction with acids, usually hydrochloric or 
acetic. When concentrated hydrochloric is employed, chlorine 
is apt to entyor the benzene ring (cf. p. 715); with glacial acetic 
acid {KraffiSy B., 1883, 1715) acetyl derivatives are formed 
occasionally instead of the simple reduction products. For 
example, when aldehydes are reduced, alkyl acetates and not 
alcohols are formed: 

R CHO + 2H + CH, CO,H - R CHj O CO CHj + H,0, 

and when nitro-derivatives are reduced, acetylated amines are 
obtained. Although aliphatic ketones cannot be reduced by 
this method, all ketones containing one or two benzene nuclei 
directly attached to the carbonyl group are readily reduced to 
pinacones (p. 222). Hydroxy- derivatives of anthraquinone 
may also be reduced in a similar manner, one or more of the 
hydroxy-groups being replaced by hydrogen, and aliphatic 
nitro-derivatives, such as nitro-guanidine, NH : C(NH 2 )*NH* 
NO 2 , may be reduced to the corresponding amino-compounds ; 
the method is also used for the reduction of higher alkyl 
halides to hydrocarbons (Clarke^ J. A. C. 8., 1908, 1147; 1909, 
113). 

Hydrochloric acid and amalgamated zinc reduce ketones of 
the tJTpe of acetophenone to the corresponding hydrocarbons, 
and the reaction is of special interest for the preparation of 
certain substituted phenols, e.g. p-ethylphenol, OH*CeH 4 *CH 2 » 
CHj, from p-hydroxy-acetophenone (B., 1913, 1837; 1914, 51). 
A transformation occasionally ejected by means of zinc dust 
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and glacial acetic acid is the removal of two atoms of halogen 
and the conversion of a saturated compound into an olefini*, 
e.g. tetramethyl-ethylene dihromide into tetramethyl ethylene. 

CMeaBrCMeaBr + 2II - 21IBr 4 CMCjjICMea- 

All peroxides (p. 209) are readily redii(‘.ed by this method, 
e.g. diethyl-peroxide, Et 202 , to ethyl alcohol (or ethyl acetate). 

Dilute acetic acid is frequently used with zinc dust. This 
is the usual method adopted for the reduction of osones to 
ket/oses (Fischer) (p. 343): 

R-CO CHO + 2H - R CO CH, OH. 

It is also extremely useful in the preparation of hydrazines 
from nitrosamines and nitrarnines, e.g. Fischer (A., 1886, 236, 
198) obtained methyl -phenyl -hydrazine, NFhMe-NHg, by the 
reduction of methyl-phenyl-nitrosamine, NPhMe*NO. Other 
reducing agents, e.g. metal and concentrated hydrochloric 
acid, stannous chloride, zinc dust and alkali, are all liable to 
carry the reduction a stage further and yield a mixture of 
ammonia and amine: 

NPhMe NHa f 2H - NHPhMe -f NHg. 

An extremely interesting example of the influence of the 
reducing agent and the method of reduction on the nature 
of the final product is met with in the case of o-nitro-benzyl- 
phenyl-nitrosamine, N02*CgH4*CH2*NPh*N0. With tin and 
hydrochloric acid it yields phenyl-indazole, 



with sodium amalgam, in alkaline solution, o-amino-benzyl- 
aniline, NHg-CeH^-CHj'NHPh, and ammonia; and with zinc 
dust and glacial acetic acid, o-amino-benzyl-phenyl-hydrazine, 
NHg'CeH^-CHg-NPh-NHg (Busch, B„ 1894, 2899). 

With zinc dust and dilute sulphuric acid the reaction is 
somewhat slower than with acetic acid; with these reagents 
sulphonic chlorides may be transformed into thio-phenols, or 
the reaction may proceed a stage further and the sulphur be 
completely removed. 

Zinc dust and concentrated sulphuric acid are occasionally 
used for the reduction of nitro-compounds, and in all cases the 
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product is an amino-hydroxy- and not a simple amino-deri- 
vative : 

Cellg-NO, jj-NH8 C«H4 0H; 

NO. Cflll^ COJI NH2 CJl8(0H) C 04 n. 


Probably a phenyl-hydroxy lamine is first formed, and this then 
yields the amino-phenol (cf. p. 460): 

CJI. NO, -> C«H, NH OH OH C 4 H 4 NH,. 

When zinc or zinc dust and any acid are added to the nitrate 
of an aromatic amine, a diazoniura salt is formed: 

CeH. NHa, HNO, + Zn + 3HC1 - ZnCl* + CeH^N^Cl + SHjO. 

Sodium amalgam is sometimes used as a reducing agent in 
the presence of acid: thus with acetic acid it is used for the 
reduction of hydrazones to primary amines: 

RiRa-CIN NIlPh RiR^Cll NH,. 

Reductions by means of sodium amalgam and dilute sulphuric 
acid have been largely used by E, Fischer in his synthetical 
work on the sugars, since the lactones of hydroxy acids when 
reduced in this way at 0® yield aldoses (p. 343): 

X CH [CH-OHJj CO X CH(OH) [CH(OH)]8 CH:o. 

1 0 1 

A very common acid-reducing agent is hydriodic acid, its 
reducing action being attributed to the decomposition of the 
hydrogen iodide into iodine and nascent hydrogen at moderate 
temperatures. The method was first introduced by Berthdot, 
who, in his earlier experiments, used the acid alone; but when 
he found that the liberated iodine interfered with the reduc- 
tion by giving rise to iodo-derivatives or by oxidizing, he 
added red phosphorus or sometimes phosphonium iodide. 
The function of the phosphorus is to combine with the iodine 
immediately it is liberated from the hydrogen iodide, and 
thus form phosphorus tri-iodide, which is then decomposed by 
the water present, yielding hydrogen iodide and phosphorous 
acid. Phosphonium iodide is often formed as a by-product in 
these reductions. With hydriodic acid alone, practically all 
oxygen compounds are reduced to saturated hydrocarbons 
at a temperature of 276*^, the reduction being conducted in 
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sealed tubes, e.g. glycerol yields propane. Amines are also 
transformed into paraffins, e.g. methylamine yields methane. 

When hydriodic acid and phosphorus are used, the reduction 
can either take place in open vessels, e.g. a flask with reflux 
condenser, or in sealed tubes if a higher temperature is required. 
As examples of the former we have the following : CHI3 
CH2I2; an thraquinone -> di hydro-anthracene ; bcnzilic acid, 
OH • CPhg- COgH ~> diphenyl-acetic acid, CHPh2*C02H; tri- 
hydroxy-glutaric acid, COjjHdCH-OHj-j-COgH glutaric acid; 
mixed ketones, e.g. CgHg-CO-CHj -> hydrocarbons. 

As examples of the latter we have the conversion of fatty 
acids, from C8Hi7-C02H upwards into paraflin -hydrocarbons, 
the reduction of anthracene to hydro-anthracenes, and of 
hydroxy-cyclohexane-carboxylic acid, OH-C^HiQ-COgH, to 
hexahydro-benzoic acid, CgHji-COjH. 

Hydriodic acid is not a good reducing agent for nitro- 
compounds; as a rule it leaves the nitro-group intact, e.g. 
nitro-benzene-sulphonic chloride, N02’C8ll4*S02Cl, yields 
first N02-Coll4S()-SO-OgH4*N02, and ultimately m-dinitro- 
diphenyl-disulphide, N02*C6H4*S-S*C8H4*N02. 

Concentrated sulphuric acid and aluminium form a con- 
venient reagent fcr reducing the CO groups in benzophenone 
and anthraquinone to CH'OH groups (M., 1917 , 11 ), 

( 6 ) Nascent Hydrogen in Alkaline Solution. — One of the 
commonest methods is the addition of metallic sodium, in 
the form of wire or thin strips, to boiling ethyl alcohol; 
as a rule it is necessary to use absolute alcohol, as the pre- 
sence of water diminishes the yields. As examples, we have 
the reduction of nitriles to primary amines, R-CN R-CHg* 
NHj (p. 117 ), of esters to alcohols (p. 79 ), of naphthalene 
to dihydro-naphthalene, of pyridine to piperidine (p. 6 B 5 ), 
although quinoline is not so readily converted by this process 
into tetrahydro-quinoline, and lastly, of various benzene deriva- 
tives, e.g. w-hydroxy-benzoic acids into corresponding hexa- 
hydro-derivatives, i.e. derivatives of cyclohexane. When 
a higher temperature is required than can be attained with 
ethyl alcohol, boiling amyl alcohol is used (Bamberger), By 
this method naphthalene and its derivatives may be converted 
into their tetrahydro-compounds, e.g. the naphthols, C^^Hy-OH, 
into tetrahydro-naphthols, C^oHji-OH. 

It is interesting to note that the chief reduction product 
obtained from a-naphthylamine is or-tetrahydro-a-naphthyl- 
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amine (I), and from jS-naphthylamine a mixture of ar- and ac- 
tetrahydro-derivatives (II and III): 


NH, 



U, 11 


H. H 


II 


Inh. 


u ‘ " Us 

11, II 


III 



Similarly plienanthrene is reduced to its tetrahydro-deriva- 
tive, anthracene to its dihydro-compound, and the benzene 
carboxylic acids to di-, tetra-, or liexahydro-derivatives, accord- 
ing to the temperature and other conditions of reduction 
(cf. p. 537); with sodium and boiling amyl alcohol, benzoic 
acid yields mainly CeHii'COgH. In a few cases, when sub- 
stituted benzoic acids are reduced by this method, a rupture 
of the ring occurs and an aliphatic acid is formed. One of the 
best-known examples is the reduction of salicylic acid to 
pimelic acid (p. 404); in this case it may be assumed that a 
tetra-hydro-salicylic acid is first formed, and that by the 
addition of the elements of water this is converted into pimelic 
acid: 


/.CH0(C(),ll). ,VH,-C{CO,HK 

cut V-'OH CH,< X' OH 

"^CH : CH ^ \CH, (dl, ^ 

,CH,CH,'CO,H 

CH,< 

^(di«C!LC(UI. 


Although aniline cannot be converted into its hydro-deriva- 
tives by this method, aniline-o-sulphonic acid yields a hexa- 
hydro-derivative. In place of alcohol moist ether is sometimes 
used in conjunction with sodium. This is generally accom- 
plished by adding the metal to ether floating on water, or 
better, on a solution of sodium bicarbonate. Dibenzyl ketone 
can thus be reduced to dibenzyl-carbinol, mesityl oxide to 
methyl-isobutyl-carbinol, and acid chlorides, R*COCl, to the 
corresponding alcohols, R'CH^ OH. 

Sodium amalgam may be used in place of sodium itself, as 
a rule in combination with water; the amalgam is added 
gradually and the mixture kept agitated, and a small amount 
of alcohol is added, if necessary, to prevent frothing. By this 
method, benzene and its derivatives may be reduced to di- and 
tetrahydro-compounds. Many olefine derivatives are reduced 
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to saturated compounds, e.g. cinnamic acid, CqU 5*GH:CH. 
CO2H, to phenyl-propionic acid, CgH^'CH^'CHg-COgH, and 
ketones to secondary alcohols. Alcohol is occasionally a better 
medium than water, and by this method azo- may be reduced 
to hydrazo-compounda (Chap. XXII, 02), and benzaldehyde 
and its substituted derivatives to benzyl alcohols. 

In many instances the alkali formed by the action of the 
metal on water or alcohol has a deleterious action on the pro- 
ducts of reduction, and it becomes necessary to neutralize the 
alkali as far as possible. This may be effected by the occasional 
addition of mineral acid, but is most readily accomplished by 
Ascharts method of leading carbon dioxide through the liquid 
as the reduction proceeds, and in this way converting the 
sodium hydroxide into bicarbonate as fast as formed. It is 
the method often used in the reduction of phthalic acids, Ac., 
and may also be employed for converting naphthalene and 
resorcinol into their ddiydro-derivatives, and benzoic acid into 
its tetrahydro-compound. 

Zinc and alkali are often used to reduce aromatic ketones 
to secondary alcohols, e.g. (0^115)200 (C6H5)2CH- OH ; 
whereas when zinc and acetic acid are used, the corresponding 
pinacones, (C^H5)2C(OH)-C(OH)(C^H5)a, are formed. Alkali, 
especially sodium hydroxide, may be used with zinc dust; the 
usual method being to keep the alkali and substance well 
stirred, and to add the zinc dust gradually. As examples we 
have: Anthraquinone anthranol; fatty diazo-compounds - > 
hydrazo-compounds ; o-nitraniline -> o-phenylenc-diamine. 
Further examples are the dehalogenating of aromatic com- 
pounds and the preparation of azoxy- and azo-compounds 
(Chap. XXII, Cl). 

(c) Nascent Hydrogen in Neutral Solution. — Many reduc- 
tions take place most readily in the absence of free acid or free 
alkali, and may be effected by the following reagents: (i) Zinc 
filings or granulated zinc and alcohol, e.g. jS-bromo-allo-cinnamic 
acid -> aUo-cinnamic acid (Chap. XXVI, A2) ; (it) Gladstone' 
Tribe couple, in the reduction of alkyl halides to paraffins (p. 32 ; 
J. C. S., 1913, 1292); (iii) Zinc dust and saturated ammonium 
chloride for reducing nitro-ketones and nitro-acoyl-derivatives; 
(iv) mixture of zinc and iron, in the presence of certain metallic 
salts, e.g. acetone -> isopropyl alcohol; (v) zinc dust and water 
(or alcohol), which may be used for reducing azo-dyes to mix- 
tures of amines, e.g. chrysoidine, NPh : N-C^H3(NH2)2, to aniline 
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and triaiiiino-benzcne, and also for reducing aromatic nitro- 
compounds to the corresponding hydroxylainines, e.g. C 6 il 5 * 
NOg OgHg-NH-OH, a reaction which proceeds extremely 
readily in the presence of ammonium chloride solution. The 
same reagents are extremely useful in converting sul phonic 
chlorides into sulphinic acids, CgH^-SOgCI OgHg-SOgH. 
(vi) Aluminium amalgam (Cohen and Ormandy, B. A., Iteport, 
1889, 550) is also a useful neutral reducing agent in the pre- 
sence of water; by this method nitro-derivatives arc readily 
transformed into hydroxylamines, and ketones to secondary 
alcohols. 

Benzophenone reduced in acid solution gives benzo})inacone, 
OH-CPhg'CPhg-OH, in alkaline solution benzhydroi, CPhg* 
CIPOH, and in neutral aqueous solution with aluminium 
amalgam and alcohol, a mixture of 66 per cent of the latter 
and 33 of the former. 

B. Among other chemical methods may be mentioned heating 
with metals. Thus azo-benzene is formed when azoxy-benzene 
is heated with metallic iron, anthracene when alizarin is heated 
with zinc dust, and pyrrole when succinimide Ls heated with 
the same reagent. In all these cases the metal abstracts 
oxygen and is converted into an oxide. It is a method fre- 
quently adopted when dealing with unknown complex sub- 
stances and it is desired to loiow from what simpler com])ound8 
they are derived. 

Alcohol alone, as in the conversion of diazonium salts into 
hydrocarbons (Chap. XXII, A.): 

CeHsNjCl + CBj CH, OH ■» C.Hg + + HCl + CII3 CHO. 

Sodium ethoxide, or often alcoholic potash, for the reduction 
of nitro-compounds to azoxy- or azo-compounds (De Bniyn), 
and also for reduction of deoxy-benzoin and other aromatic 
ketones to secondary alcohols, e.g. hydroxy -dibenzyl: 

C*H, CO CH, CgH, CeH, CH{OH) CH, C«H5. 

The alkoxides of alominiom and magnesimn Al(OR) 3 , 
Mg(OR)g, are useful reducing agents for obtaining alcohols 
from aldehydes, ketones or methoxyaromatic aldehydes 
(Metwein, J. pr., 1936, ii, 147, 211), and the alkyl derivatives 
of aluminium or boron, e.g. AlEtg, can be used for similar 
purposes (ibid. 226). 

S^om stannite, obtained by adding an excess of sodium 
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hydroxide to stannous chloride, is employed for preparing 
azo-compounds from nitrated hydrocarbons, for the reduction 
of diazonium salts to hydrocarbons, e.g. benzene from benzene 
diazonium chloride. It reduces ^-nitro-benzyl chloride to 
dinitro-di benzyl, the nitro-groups remaining intact: 

2NOa C«H, CHjCl N02 C«H4 ('H, ClL/CeH, N0,. 


Hydrogen sulphide, or ammonium sulphide, in alcoholic 
solution (Cohen and M'Cayidlish, J. C. S., 1905, 1257, or 
pyridine, 1929, 2264), is made use of for the reduction of nitro- 
and nitroso-derivatives to amines, and is especially useful 
when several nitro-groups are present and it is required to 
reduce only one, e.g. m-CgH4(N0.2)2 w-NOg'CgH^-NHg, 
CgH2Me(N02)3 -> Nll2*CgH2Me(N02)2> &c.; also o-nitro-cinna- 
mic acid -> a-hydroxy-quinoline or carbostyril (p. 692). In 
many cases sulphur-derivatives are formed instead of simpler 
reduction products, especially with ketones or aldehydes. 

Sometimes a nitro-group is removed, e.g. (NOolaCaHoMe 
yields [N02-C6H3Me]2S 

Sulphurous acid is used in reducing quinones to quinols, e.g. 

CeH40, -h H,SO, H,0 « CeH^lOH), + 

and sodium hyposulphite, Na2S204, is an extremely useful 
reagent for preparing leuco-componnds from dyes. 

Ferrous sulphate and ammonia form a convenient reducing 
agent for certain nitro-compounds, e.g. nitro-phenylacetic acid, 
nitro-benzaldehyde and nitro-cinnamic acid. 

Phenylhydras^e is a useful agent for reducing 8-trinitro-tri- 
aminobenzene to hexaminobenzene (J. C. S., 1929, 334). 

C. Catalytic Reduction, or Catalytic Hydrogenation; cf. 
Chap. LXIX, A. 

D. Electrol]rtic Reduction.*- - This reduction is effected by 
the cathodic hydrogen produced by the electrolysis of aqueous 
solutions of acids or alkalis. The actual products formed are 
dependent not merely on the substances reduced, but also 
upon the conditions: (a) nature and concentration of solvent; 
(h) strength of current or the current density; (c) the materials 
of which the electrodes are made, due to the difference of 
potential at which the hydrogen ions are discharged (as a 

* ElecttolyHc Oxidation and Reduction. Glasson and Hickling, London, 
1938. 
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The yield of jj-amino-phenol can be increased by using a copper cathode and lead in the electrolyte 
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rule platinum, mercury, or lead electrodes are used); and (d) 
the temperature. 

In many cases the reduction is carried out in a double cell 
provided with a diaphragm, (a) The cathode solution is placed 
in an ordinary unglazed porous cell, and this is introduced into 
a beaker which serves as the anode compartment; or (b) two 
glazed pots with small perforations are used, and the small 
annular space between these is packed with asbestos paper. 
If necessary the liquid can be agitated by using a rotating 
cathode. 

The reduction of nitro-benzene may be cited as one of the 
best examples which show the effect of conditions on the 
nature of the product (see table on p. 725). 

In the reduction of ketonic compoimds, Tafel (B., 19(X), 
2209) has shown that the best effects are obtained by using 
pure lead electrodes, as the hydrogen ions are thus discharged 
at a higher potential than when other metals are employed, 
and by employing in the cathode compartment 30-60 per 
cent sulphuric acid; with stronger acid, reduction of the acid 
occurs and sulphur is deposited. It is also essential that the 
current density shall be as low as possible (For preparation 
of cells see Tafel.) Acetone when reduced under such con> 
ditions, using mercury as cathode, yields isopropyl alcohol; 
but under similar conditions with a lead cathode it yields a 
mixture of isopropyl alcohol and pinacone. Camphor may be 
reduced to bomeol (Chap. LVII, C2), and caffeine to deoxy- 
caffeine : 


NMoCO 
(IjO C-NMev 


NMeOH, 
<i;0 CNMo 
NMe-i-N 


CH. 


Further, acetanilide, CgHg-NH-CO’CHg, may be reduced 
to ethyl-aniline, CeHg-NH-CHj-CHa; pyridine to piperidine, 
using lead cathodes; aconitic acid to tricarballylic acid and 
cinnamic to hydrocinnamic acid, by using mercury cathodes. 

The esters of oxalic, malonic, acetoacetic, benzoic, and 
phthalic acids, when reduced electrolytically, yield ethers, e.g. : 

Ethyl benzoate benzyl-ethyl ether. 

E. Reduction by Micro-organisms.— Yeast, either in the 
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presence or absence of sugar, can convert acetaldol, OH-CHMe- 
CHg-CHO, into /9-tutylene glycol, OH*CHMe*Cll 2 *OH 2 *OH, 
acetaldehyde to alcohol, and citral into gerauiol {Neuberg, 1918). 


XLVIII. OXIDATION 

Oxidation includes not only tho.se processes in which oxygen 
is added to a compound, e.g. conversion of an aldehyde, 
R-OH :0, into an acid, R*CO*OTI, but also processes in which 
hydrogen is withdrawn from a compound, e.g. transformation 
of a primary alcohol, R*Cn2*01T, into an aldehyde, R-CH:0. 
In certain cases both processes can occur, e.g. oxidation of 
aniline, OeH 5 NH 2 , to nitroso-benzene, CgHs'NO. 

In the Cannizzaro reaction of aromatic aldehydes with 
alkali 50 per cent is oxidized to the acid and 50 per cent reduced 
to the alcohol (Chap. XXV, A.). 

Most of the oxidizing agents employed are substances rich 
in oxygen, e.g. j)otassium dichromate or permanganate, nitric 
acid, chromic anhydride, peroxides, &c. During the oxi- 
dation, although the organic comj>ound is oxidized, the oxi- 
dizing substance is reduced (cf. p. 714). 

The withdrawal of hydrogen from a compound is usually 
termed dehydrogenation as contrasted with hydrogenation, 
the addition of hydrogen. 

The methods used for dehydrogenation are grouped together 
in Chap, XLIX, although they are not all catalytic processes, 
e.g. removal of hydrogen by means of sulphur or selenium. 

Oxygen itself is sometimes made use of as an oxidizing 
agent, but usually iu the presence of a catalyser, e.g. finely- 
divided metals such as platinum black or one of the enzymes 
known as oxydases. Processes of oxidation, like those of 
reduction, depend not merely upon the substances to be 
oxidized, but also on the oxidizing agent selected, and on 
such conditions as the acid, alkaline, or neutral nature of the 
solvent, temperature, and concentration. Examples of this 
have previously been cited among the aromatic hydrocarboiis. 
Thus m-xylene is not acted upon by dilute nitric acid, but 
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with chromic anhydride yields isophthalic acid. A very good 
example is aniline: 


■S 


I 


Manganese dioxide and 
sulphuric acid 
Dichromate mixture 
, Alkaline permanganate 
Acidified permanganate 
Neutral permanganate 
Bleaching - powder 
^Hypochloroufl acid 


ammonia and little quinone; 
quinone; 

-> azo- benzene and ammonia; 

-> aniline black; 

nitro-benzene and azo-benzene; 

nitro-benzene; 

p-amino-phenol. 


Compounds of similar constitution are not always oxidized 
in the same manner, thus to oxidize p-nitro-toluene or p-nitro- 
cinnamic acid the best reagent is dichromate mixture, but for 
the isomeric o-compounds, dilute nitric acid or permanganate 
are recommended. The inhibiting influence of halogen and 
other negative radicals in the o-position with regard to the 
alkyl group, on the oxidation of such hydrocarbons by means 
of acid oxidizing agents, has already been referred to (p. 507 ), 
and also the fact that the final product of oxidation of a 
benzene homologue depends on the number and positions of 
the side chains, and not on their length, each yielding ulti- 
mately a CO2H group. 

When a compound like cymene, CH3*C0H4*C3H7, is selec- 
tively oxidized, it is usually the longer side chain which is 
first affected; and it has been found possible, in a few cases, 
to carry the oxidation to a stage where a long side chain has 
become only partially oxidized, e.g. aceto-mesitylene, CgHgMeg* 
CO-CHj, to mesityl-glyoxylic acid, CellgMeg^CO-COaH ; m- 
butyl toluene, CH3*C4H4'C4Hj„ by nitric acid at 180 ®, to m- 
methyl-phenyl-propionic acid, CH3*C3H4*CH2-CH2-C02H. 

Cohen and Mill^ (J. C. S., 1904 , 1622 ) find that com})ound8 
containing chlorine or bromine in the meta-position with 
regard to a methyl group are least readily oxidized by nitric 
acid, those with similar substituents in the para-position most 
readily, and those with o-substituents are intermediate. 

In some cases it is necessary to protect labile groups, e.g. 
•NHj and -CHO, during oxidation. An amino- or imino-group 
can often be protected by acetylation -NHAc or :NAc, or even 
better, by forming the nitroso-derivative, :N’N 0 . The further 
oxidation of an aldehydo- to a carboxylic group can often be 
prevented by the addition of some substance to the oxidizing 
mixture which will yield a sparingly soluble compound with 
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the aldehyde; such compoimds are a primary aryl-amine, 
which forms an azomethine, e.g. benzylidene-aniline, CgHg* 
CH : NC^Hg, sodium hydrogen sulphite, or calcium naphthiouate, 
the calcium salt of l-amino-naphthalene- 4 :-sulphonic acid. 
From the additive compound to which the last salt gives rise, 
the aldehyde may be obtained by distillation in steam. 

A. Potassium Permanganate. — This is the commonest and 
one of the most useful of oxidizing agents, as it may be used 
in neutral, alkaline, or acid solution. Other permanganates 
are also employed, e.g. the calcium and barium salts, especially 
for the oxidation of complex proteins. 

(a) Alkaline Solution. — Even when no alkali is added at the 
beginning, the solution becomes alkaline during the reaction. 
The permanganate, a derivative of Mn207, becomes reduced 
to hydrated Mn02, and thus each molecule of permanganate, 
K2Mn208, can yield three atoms of oxygen: 

KjMn^Oe + 2MnO, + 2KOH + 30. 

When the product formed is an acid, this remains dissolved 
in the alkaline liquid, and may often be obtained by the 
addition of mineral acid after the manganese dioxide has 
been removed by filtration. In this manner, numerous ben- 
zene hydrocarbons and their derivatives can be oxidized to 
the corresponding acids, e.g, ^-chloro-toluene to p-chloro- 
benzoic acid, naphthalene to phthalonic acid, o-COgH *08114* 
CO-COgH. Other examples are the conversion of o-nitro- 
phenol into dinitro-dihydroxj^-diphenyl, N02*(0H)C8H3* 
CeH3(0H)*N02, and of uric acid into allantoin (p. 3 ^)). 

The oxidation of olefine derivatives by 2 per cent perman- 
ganate (FiUig) is of extreme interest. Two hydroxyl groups 
are invariably added, and a glycol derivative formed; thus 
cinnamic acid, : CH’COgH, yields phenyl-glyceric 

acid, CeH 5 *CH( 0 H)*CH( 0 H)*C 02 H. When a stronger per- 
manganate solution or a more powerful oxidizing agent is 
used, the unsaturated compound is ruptured at the point of 
the double bond, and a mixture of less complex acids or 
ketones formed. 

Acetone solutions of permanganate are used for oxidizing 
unsaturated acids or esters (cf. oils and fats, Chap. LV, D.). 

Permanganate and sodium carbonate solution are used for 
oxidizing aromatic aldehydes to acids. 

An excess of alkali is often added to the permanganate before 
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use. Under these conditions o>toluic acid yields phthalic acid, 
and the method is largely made use of for oxidizing o-sub- 
stituted derivatives of toluene, &c. When the solution is dilute 
and the temperature is kept at 0°, the oxidation is mild, and 
can stop at the formation of a glyoxylic acid, e.g.: 

CftHjjMea CO CH, C^U^Uej^ CO CO^K; 

otherwise a substituted benzoic acid — in this case CgllgMcg* 
COgH — is always formed. Substituted cinnamic acids, by 
this method, can be converted into corresponding benzoic 
acids, e.g.: 

N02(0H)CflHa CH:CH C02H to NOj(OH)CeIIa'COjH. 

Similarly, hydrocarbons of the type of triphenybmethane, 
CHPhg, can be oxidized to carbinols, e.g. CPh 3 ‘OH, and 
compounds of the type of diphenyl-methane, CHgPhg, to 
ketones, CPh 2 *CO. 

Caution is required in deducing structures from data obtained 
by oxidations with strongly alkaline permanganate. This is 
especially necessary with unsaturated compounds where the 
alkali can efiect a shifting of the double bond, or in poly hydroxy 
compounds as the ketones formed, reacting as enola, can under- 
go a shift of the olefine bond {Farmery C. and L, 1937, 469). 

(b) Neutral Solution. — In a few cases it is necessary to 
keep the solution neutral from beginning to end, and this is 
accomplished by the addition of an excess of magnesium sul- 
phate, which yields insoluble magnesium hydroxide with the 
caustic potash produced during the oxidation. When acet-o- 
toluidide, CH 3 -C 6 H 4 *NH*CO-CH 3 , is thus oxidized, an 
80 per cent yii^ld of acctanthranilic acid, C 02 H*CuH 4 *NH* 
CO-CHg, is formed, whereas in the presence of alkali the 
yield is only some 30 per cent. 

(c) Acid Solution* — Acetic or sulphuric acid is used, and 
the acid is added gradually with the permanganate. The 
method is of use for the preparation of very stable compounds 
only, as the majority are completely decomposed by these 
reagents. The reaction is quite different from that in alka- 
line solution, the permanganate (a derivative of Mn^O,) is 
reduced to a manganous salt (derived from MnO), and thus 
each molecule of permanganate gives rise to jJve atoms of 
available oxygen: 

+ 3H,80* ™ 2MnS04 + K^SO* + 3H,0 + 60. 
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SulpliidctJ or hydrosulpbides in both the aliphatic and aro- 
matic series may be oxidized to sul phonic acids, a reaction 
which is useful for the preparation of certain naphthalene- 
sul phonic acids which cannot be obtained by direct sulphona- 
tion. o-Todo-benzoic acid may be oxidized to o-iodoso-benzoic 
acid, tetrabromO“j?-xylene to tetrabromo-terephthalio acid, and 
primary alcohols to aldehydes. 

B. Chromic Acid Derivatives. — Chromic anhydride, CrOg, 
is often used as an oxidizing agent when dissolved in glacial 
acetic acid, two molecules of the anhydride yielding three atoms 
of oxygen, 2Cr03 = CrgOg + 30. Usually only the theoretical 
amount required for the oxidation is used, and this is gradually 
run in from a dropping funnel. Quinoline homologues are 
oxidized to quinoline-carboxylic acids, and aromatic alcohols 
to aldehydes, if a primary amine is present to form a Schiff's 
base with the latter (p. 493). Even benzene homologues may 
be oxidized to aldehydes in the presence of acetic anhydride, 
as the acetyl derivatives thus formed are stable. 

Chromyl chloride, CrOgClg, the chloride of chromic acid, is 
used for oxidizing benzene hydrocarbons to aldehydes (Etard's 
reaction, Chap. XXV, B.). The usual method is to dissolve the 
hydrocarbon and chromyl chloride separately in carbon disul- 
phide, and to run in the chloride solution until the red colour 
persists, and then to decompose with water. A precipitate of a 
double compound, e.g. CgHg-CHg, 2Cr02Cl2, is first produced, 
and this is decomposed by water according to the equation: 

3[CeH6CH„ 2CrO,ClJ « dOJELfiRO + 4CM:1, + 2B^CtO^ 4 H^O. 

The usual method of using chromic acid is in the form of 
a mixture of a dichromate and sulphuric add, which react 
according to the equation: 

K.Cr^O^ 4 411,804 K,S04 4- Cr,(S04), 4- 4H,0 4- 30, 

each molecule of diohromate yielding throe atoms of available 
oxygen. Sometimes potassium dichromate is used, but more 
frequently the sodium salt, as it is cheaper and more readily 
soluble in water. As a rule, the dichromate mixture is added 
gradually to the oxidizable substance. It is the common 
method of preparing aldehydes from alcohols (Chap. V, A.), 
and also from aromatic hydrocarbons, as there is not the same 
tendency for the -CHO group to be further oxidized as when 
permanganate is employed. Complex alcohols may also be 
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oxidized to ketones or aldehydes, e.g, menthol to menthone 
(Chap. LVII, B2). Many compounds, such as hydroxy acids, 
ketones, ketonic acids, <fec., are ruptured by chromic acid 
mixture, and acids or ketones containing a smaller num})cr of 
carbon atoms are formed. 

This is the oxidizing agent usually emj)loyed for the pre- 
paration of quinones, e.g. from aniline, and as a rule the tem- 
perature should be kept at about 0°. According to Bamberger, 
the following series of reactions occur: 

CeHj'NH, C.Hs-NH OH -> p-OH 0 ! 0,114 .* 0. 

C. Nitric Acid. — Examples of the complete oxidizing action 
of fuming nitric acid are met with in the ordinary Carius 
method for estimating halogens or sulphur. One of the chief 
drawbacks of nitric acid is, that in addition to being an oxi- 
dizing agent, it is also a nitrating agent, and the products of 
oxidation, even when dilute acid is used, contain smaller or 
larger amounts of nitro-derivatives. It is used for oxidizing 
aldehydes, particularly halogen substituted aliphatic, to acids, 
and also of polyhydroxy aliphatic aldehydes. By means of 
dilute nitric acid many benzene homologues are oxidized to 
carboxylic acids, but the process is slow; thus pentamethyl 
benzene dissolved in benzene requires sixty hours’ boiling to 
oxidize it to tetramethyl-benzoic acid, and slightly longer 
time is required to oxidize 2 : 6-chloro-nitro-toluene to the 
corresponding acid. An interesting oxidation is that of m- 
butyl-toluene to m-methyl-phenyl-propionic acid, CH3*C0H4* 
CHa'CHg-COjjH, and a somewhat complex oxidation is that 
of camphor to camphoronic acid (Chap. LVII, C2). Krafft 
(B., 1889, 2735) introduced the use of concentrated nitric acid 
(sp. gr. 1'5) for oxidizing purposes. The admixture was effected 
at 0°-10°, the temperature gradually raised to 50°, and the 
product poured into water. This is a very good method for 
oxidizing compounds which are already nitrated, but in other 
cases nitro-derivatives are very liable to be formed Dinitroxy- 
lene is oxidized in this way to dinitrophthalic acid. Sulphoxides, 
e.g. EtgSO, may be oxidized to sulphones, EtgSOj, iodo-benzoic 
acid to iodoso-benzoic acid, cane-sugar to oxalic acid, &c. The 
method adopted in oxidizing glycerol to glyceric acid is to 
allow the aqueous solution of the glycerol to float on concen- 
trated nitric acid. 

A mixture of concentrated nitric and sulphuric acids, which 
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is an extremely good nitrating agent, may be used for oxidiz- 
ing purposes, e.g. o-nitro-benzyl alcohol to the corresponding 
aldehyde, of p-nitro-cinnamic acid to p-nitro-benzaldehyde, and 
of s-trinltro-toluene to s-trinitro-benzoic acid. 

D. Sulphuric Acid.-- One of the oldest examples of the 
oxidizing action of concentrated sulphuric acid is the con- 
version of ethyl mercaptan, C^HjSlI, to ethyl distilphide, 
(02115)282, and another that of piperidine to pyridine. Schmidt 
introduced the use of fuming sulphuric acid (60 or 70 per cent 
SO3) at low temperatures for converting alizarin and other 
hydroxy-derivatives of anthraquinone into tri- to hexahy- 
droxy-derivatives, many of which are important dyes. The 
hydroxy-groups form an ester with the sulphuric acid, but this 
is readily hydrolysed when boiled with dilute acid. Concen- 
trated sulphuric acid may also be used for the preparation of 
the same compoimds, and the yields are largely increased by 
the addition of boric acid, this being probably due to the fact 
that boric eaters are formed, wdiich prevent the removal of the 
hydroxy-groups when once introduced. 

An oxidizing action of interest is the conversion of naph- 
thalene into phthalic acid by means of concentrated sulphuric 
acid and a small amount of mercuric sulphate at a tempera- 
ture above 300"". 

Selenium dioxide, Se02, the analogue of SOg, can oxidize 
5-methylacridine to acridine-5-aldehyde in acetic acid solution. 

E. Peroxides. — The peroxides mainly employed are Mn02, 
PbOg, and occasionally HgOg. Lead peroxide is frequently 
used in the form of a paste with acetic acid, one of the earliest 
oxidations with this reagent being that of uric acid to allan- 
toin (p. 330). Characteristic oxidations are (i) that of a- 
hydroxy acids to aldehydo- acids, with one less carbon atom 
(p. 344), e.g.: 

CO,H(:H(OH)OH,CO,h‘+ 0-+CO, + 0;CHCH,CO,H + H,0; 


(ii) of alkyl acetates to aldehydes, e.g. : 

o-NO, C,H* CH,-O CO CH, to o-NO, C,H, CH:0: 


(iii) of triphenyl-methane-derivatives to the corresponding 
carhinols, the salts of which are dyes, e.g. : 

(NMe,-C,H*),CH -> (NMe,-C,H*),C(OH); 
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and (iv) of amino- hydroxy-derivatives of anthraquinone to the 
corresponding poly hydroxy-derivatives, the being replaced 

by OH, a reaction which does not occur when the amino-group 
is acetylated. Lead tetracetate, Pb(OAc) 4 , is extremely useful 
for oxidizing sugars and derivatives. Manganese dioxide 
alone, or in the presence of sulphuric acid, may be used for 
converting CH 3 groups in benzene homologues into aldehydo- 
groups. The mixture is kept stirred, and an excess of hydro- 
carbon is always present. Benzaldehyde, o-chloro-benzalde- 
hyde, ^-nitro-benzaldehyde, terephthalic aldehyde, &c., have 
been prepared by this method. A remarkable oxidation is that 
of benzene to benzoic acid by means of the peroxide and sul- 
phuric acid. Hydroxy acids are often ruptured by these re- 
agents, e.g. lactic acid, CH 3 *CH( 0 H)-C 02 H, yields aldehyde 
and carbonic acid. This is the basis of a method for estimating 
che strength of solutions of lactic acid by determining the 
amount of aldehyde formed. The same reagents are also used 
for the oxidation of alkaloids, and for the conversion of the 
leuco-bases of triplienyl-methane dyes into the dye salts, e.g. 
p-leucaniline into ^-rosaniline. Perhydrol is often used in the 
presence of potassium hydroxide for the preparation of organic 
peroxides, e.g. diethyb peroxide, Et 202 , benzoyl-peroxide, 
(CgH 5 C 0 ) 202 . Piperidine, when oxidized with 3 per cent 
peroxide solution, yields glutaric acid owing to the rupture 
of the ring. Benzene, with the peroxide, yields a certain amount 
of phenol. Azo-compounds are converted into correspond- 
ing azoxy-derivatives, and phenols into dihydric phenols or 
quinones. Fatty acids are converted into ketones, R-CHa-CO* 
OH-vR-CHa-CO-CHaR (DaUn, Am. C. J., 1910, 44 , 41). 

Fenton and others (J. C. S,, 1894, 899; 1895, 48, 774; 1899, 
1 ) have made use of perhydrol in the presence of small 
amounts of ferrous salts; by this method the following re- 
actions have been effected: * 

Glycollic acid, OH CHj COjH, -> glyoxylic acid, CHO COgH; 

Lactic acid, CHa CH(OH) CO*H, pynivic acid, CH, CO-CO, H; 

Tartronio acid, 0H CH(C02H)2, > mesoxalic acid, CO(CO,H),; 

Glyceric acid, \ I hydroxy- pyruvic acid, 

OH CH,-CH{OH) CO,H,) \ Ofi CH, CO CO,H; 

Tartaric acid, j f dihydroxy-maleio acid, 

CO,H-CH(OH) CH{OH) CO,H,/ I CO,H C(OH):0(OH) CO,H: 

Polyhydric alcohols, aldoses ; 

Primary amines, CeH,-CH,-NH,, -> aldehydes, C,H, CHO. 
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F. Oxygen itself can often be' used for oxidation, generally 
in the presence of platinum black or platinized asbestos (cf. 
Catalytic Oxidation and Dehydrogenation, Chap. XLIX, C). 

Many aldehydes, when exposed to moist air, are transformed 
into acids; thus specimens of benzaldehyde which have been 
kept for some time contain appreciable amounts of benzoic 
acid. 

This oxidation is photochemically activated and is charac- 
terized by an induction period in which oxygen is absorbed 
i>ut no benzoic acid formed. Certain catalysts, e.g. activated 
surfaces, reduce this period, and it is highly probable that an 
additive compound of benzaldehyde and oxygen, viz. per- 

X) 

benzoic acid (p. 516) benzoylperhydrol, CJIs'C^ , which is 

the actual oxidizing agent converting the aldehyde into ben- 
zoic acid. 

G. Ozone-Ozonides. — Ozone may also be used as an oxi- 
dizing agent; it is employed commercially for refining oils, 
&c. (cf. J. S. C. I., 1898, 1101). C. Barries (A., 1905, 343, 311 ; 
1910, 374, 288; 1912, 390, 235; 1915, 410, 1) has examined 
the action of ozone on various types of carbon compounds, 
mainly in glacial acetic acid solution. Methane, ethyl alcohol, 
See., are oxidized to aldehydes and acids, hydrogen peroxide 
also being formed. Saturated aldehydes and, to a certain 
extent, ketones yield labile peroxides of the type, R‘CH : 0 : 0. 
Most unsaturated hydrocarbons and alcohols combine with 
ozone in suitable solvents, e.g. saturated hydrocarbons or 
alkyl halides, yielding ozomdes, e.g. ethylene ozonide, C 2 H 4 O 3 , 
allyl alcohol ozonide, C^H^’OH, O 3 , and for each ethylene link- 
ing one molecule of ozone is added. Many compound combine 
with more than this amount of ozone, yielding oxozonides, e.g. 
propylene yields a product, C 3 H 3 + O 4 , which are not readily 
transformed into normal ozonides. They are regarded as 
derived from oxozone, O 4 , which has been shown to be present 
in ordinary ozone, and hence it is always desirable to purify 
ozone by passing it through alkali and concentrated sulphuric 
acid before using it for the preparation of ozonides proper. 

After removal of the solvent the ozonides are obtained as 
oils, syrups, or glassy solids, and in a few cases only as crystal- 
line solids. Some are volatile, but most are extremely unstable, 
and even highly explosive and hence difficult to prepare. They 
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dissolve in most organic solvents, but tend to decompose in 
contact with water. 

The structure of these compounds suggested by Harries is 
shown in formula I, but more recently Standinger (B., 1925, 
1088) has suggested that the ozonide first formed (molozonide) 
has the structure indicated by formula II, and that this then 
polymerizes as in the case of cyclohexeiie or isomerizes to an 
iso’ozonide, formula III (cf. A., 1937, 529, 33), and to this 
latter group belong the stable distillable ozonides. 




X 



This structure is in harmony with the formation of carbonyl 
compounds (aldehydes or ketones) and not glycols on reduction 
of the stable ozonides. The tendency to polymerization is 
most marked where the olefine linking is present in a ring 
structure, acetic acid appears to favour the isomerization to 
the iso-form, whereas solvents which favour association cause 
polymerization. If the original olefine compound is not sym- 
metric two isomeric malozonides are theoretically possible. 

Unsaturated carbonyl derivatives, e.g. acids, aldehydes, and 
ketones, also combine with ozone, yielding ozonides ; they can, 
however, combine with a fourth atom of oxygen, yielding 
perozonides, which are decomposed by water, yielding the 
ozonide and hydrogen peroxide. The three atoms of the 
ozonide are regarded as attached to the two carbon atoms of the 
ethylene linking, whilst the fourth atom is attached to the 
carbonyl group. Oleic acid perozonide is represented as: 


cHb[ch,],ch • : 0 : o. 


LO,. 


i: 


H 


The ozonides are decomposed, undergo ozonolysis, when gently 
heated, or when the solutions in glacial acetic acid are warmed. 
Oleic acid ozonide decomposes into the four products: 


ch,[chj,ch:o + 

I. Nonaldehyde 

and 



II. 


CH,'[CH,h*CH/? + CHOICE, 

III. Noruildchyde IV. Azelatc acid semi- 

pezxndde. aldehyde. 
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The compounds containing the aldehydo-group, CHO, 
undergo oxidation to the correHjHmding acids, i.e. I and IV 
yield respectively nononic acid, a monobasic acid, and 
azelaic acid, a dibasic acid. Similarly the aldehyde peroxide 
group isornerizes to the carboxylic group so that II and III 
are transformed to azelaic and nononic acid. The main pro- 
ducts of ozonolysis are therefore a monobasic acid, nononic acid, 
and a dibasic acid, azelaic acid, both normal and containing 
9 carbon atoms. These are fairly easily separated and ob- 
tained pure, and hence the position of the olefine link between 
carbon atom 9 and 10 is established and oleic acid is A®-octa- 
decenoic acid. The nonaldehyde peroxide formed in this way 
is isomeric, and not identical with the peroxide obtained by 
the direct action of ozone on the aldehyde. It is more stable, 
has m.-pt. 73°, and is represented by formula III. 

This method of ozonolysis is used for determining the 
position of the ethylene linking in the molecule of the un- 
saturated compound, and also for the preparation of certain 
aldehydes, aldehydic acids, and dialdehydes. 

Another method also used is the reduction of the ozonide 
with hydrogen and palladized calcium carbonate at compara- 
tively low temperatures (B., 1932, 1467): 


hXo.o><-u- 


K II 

^o:o + o:(:, 

H' 


Similarly with a diolefine, 

rch:ch chr' ch:chr^' r cho + cho chr^ cho + r"cho, 

the product is a mixture of two mono- and one di-aldehyde. 
Sym. butylene ozonide is dimeric and probably has the ring 
structure : 


< 


CHMe O O CHMev 
CHMeO'OCHMo^* 


Benzene yields a highly explosive triozonide, Cgll^Oj. With 
naphthalene one ring adds on ozone more readily than the 
other, yielding Ci„HgO(|. 

Ozonized oxygen in the presence of concentrated sulphuric 
acid converts toluene at 100® into benzoic acid. 

H, Other Oxidizing Agents .—Ghlorine and bromine are 
generally used in alkaline solution, i.e. in the form of hypo- 

( B 480 ) 35 
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chlorite or hypobroniite. As examples, we have the well- 
known Hofmann reaction, the conversion of amides, and iniides 
such as succinimide and phthalimide, into amines or nitriles 
(pp. 211 and 212); also the oxidation of reduced benzene 
derivatives back to the original benzene compound. An in- 
teresting oxidation is that of benzylidene-acetone to cinnamic 
acid with 4 per cent sodium hypobromite: 

C*H,CH:CHCOOH, + SNaUrO 

- C^HjCHrCH-COgNa f OHUrj + 2XaOn, 

and of potassium cyanide to cyanate by hypochlorite. Bromine 
water itself is frequently used for the oxidation of sugars, e.g. 
of an aldose to the corresponding monobasic acid; thus gly- 
cerose to glyceric acid, glucose to gluconic acid. 

Less common oxidizing agents are potassium ferricyanide, 
which is reduced to the ferrocyanide : 

2K3FeC6Ne + 2KOH - 2K,FeCeN« + H/) + 0. 

5-Trinitro-benzene may be oxidized by this reagent to picric 
acid, phenyl-acetylene to diphenyl-diacetylene, CPh-C'C'CPh, 
nitroso- to nitre -derivatives, quinone-dioxime to dinitroso- 
benzene, benzene-diazo-oxides to salts of benzene-di azoic acid, 
C0H5*N:NO‘OH, and nitro-toluenes to nitro-benzoic acids. 
Ferric chloride, 

^ 2FeFl3 f H,0 - 2FeCb + 2HC1 0, 

may be used for oxidizing hydroxylamine derivatives to 
nitroso-compounds, e.g. : 

CeHjPr NH OH -> CglLBr NO; 

quinols to quinones, and naphthols to dinaphthols: 

OHC,oH*C,oH,OH. 

Silver oxide oxidizes glycerol to glycollic acid, and gener- 
ally aldehydes to acids (C. R,, 1909, 149, 39), unsaturated 
aldehydes and amino-aldehydes to acids (B., 1913, 2510), and 
o-dihydroxy-benzene to o-benzo-quinone. In the presence of 
sodium or ammonium hydroxides silver oxide only oxidizes 
those compounds containing a CH*0H or CO group attached to 
two CHjj’OH, CH'OH, or COjH groups or combination of 
these, e.g. tartaric acid, glycerol, and mannitol. In neutral or 
acid solution it is suflScient if the CH*0H group is combined 
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with COgll iiud with H, 0112 , or CII 3 , e.g. glycollic, lactic, and 
malic acids. Mercuric oxide, usually with alkali, e.g. barium 
hydroxide, is used for oxidizing fructose to trihydroxy-butyric 
acid and glycollic acid, and glucose to gluconic acid. It also 
oxidizes unsym. diethyl-hydrazine to tetraethyl-tetrazone, 
NEt 2 *N : N-NEtg, and sym.- diethyl -hydrazine to mercury- 
diethyl nitrogen, and water. Nitron-benzene is used as an oxidiz- 
ing agent in the manufacture of magenta (p. 559), and also in the 
Skraup synthesis of quinoline (p. 692). Potassium persulphate, 
mixed with concentrated sulphuric acid, is knowm as Caro's 
reagent or sulphomono-per-acid, and can oxidize salicylic 
acid to 2 : 5-dihydroxy-benzoic acid, and salicaldehyde to 
2 : 5-dihydroxy-benzaldehyde. It is also used for oxidizing 
various terpene derivatives, and readily oxidizes aromatic 
primary amines to nitroso-derivatives, e.g.: 

C,H,NH. CeH.NO. 


Sodimn nitrohydroxylaminate, NagNgOg, reacts with an alde- 
hyde in the presence of alkali, giving a hydroxamic acid, 

R CH : 0 -► R CO NH OH, 

which on hydrolysis gives the carboxylic acid. 

Formaldehyde. — When certain amino alcohols are methy- 
lated by means of formaldehyde, it has been found that not 
merely is the CH 3 group introduced, but at the same time the 
alcohol is oxidized to an aldehyde or ketone, thus in the case of 
many cyclic compounds {Hess, B., 1913, 4104; 1915, 1886), 

^(NHR)CH(OH) ► ^(NMeK)CO— , 

e.g. 3 -a-hydroxy-ethyI-pyrrolidine gives l-methyl-pyrrolidine- 
3 -acetaldchyde. 

I. Electrol3rtio Oxidation. — Organic compounds may be 
oxidized by means of the oxygen formed at the anode of an 
electrolytic cell. The method is not so general in application 
as electrolytic reduction, as it is extremely difiBcult to stop 
the reaction at the right point. Even when the theoretical 
amount of oxygen has been formed, it is often foimd that 
part of the compound is unacted on, and part has been com- 
pletely oxidized. The following are fairly typical examples: 

Pu^uro*-gallixi is formed by the electrolysis of a solution 
of pyrogaUol in sodium sulphate solution, using a rotating 
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platinum anode of 2 sq. dm. The reaction is complete after 
6-8 hours with a C.D. of 1*5-2 amperes and an E.M.F. of 
4*3-4*5 volts. 

Anthraquinone may be prepared by oxidizing an emulsion 
of anthracene, water, and sulphuric acid, using a rotating lead 
cathode, and a leaden vessel as anode. The best yields are 
obtained when an oxygen carrier, e.g. manganese sulphate, is 
employed with a temperature of 75°-90°, a C.D. of 1-2 am- 
peres, and an E.M.F. of 2*8-3*5 volt-s. 

Numerous azo-dyes have been obtained electroly tically ; 
thus Orange n, or ^•naj)hthol-(izc)be7ize7ie-8ulphonic acid, 
01I-S(),-f;H4*N:N*CioHe*OH (Chap. LIX, Bl), is produced 
from an aqueous solution containing sodium sulphanilate, 
naphthol, and sodium nitrite. The cathodes of nickel or pla- 
tinum wire are placed in two separate cathodic compartments 
consisting of small porous cells and containing sodium hy- 
droxide solution. The rotating anode is of platinum; and a 
C.D. of 8-12 amperes, an E.M.F. of 15-18 volts, and as low 
a temperature as possible, give the best results. The homo- 
logues of benzene, when oxidized with platinum electrodes in 
the presence of sulphuric acid and acetone, yield aldehydes, 
e.g. toluene -> benzaldehyde, o-xylene o-toluic-aldehyde, 
but the yields, as a rule, are not good. Ortho-substituents of 
a negative character tend to inhibit such oxidations. Acetic 
acid solutions of and o-mtro-tolueiies yield the corresponding 
nitro-benzyl alcohols, whereas the w -compound yields m-nitro- 
benzaldehyde. Benzyl sulphide yields benzylsulphoxide, ben- 
zyldisulphoxide, or tribenzylsulphonium sulphate according to 
conditions. 

J. Antozidation. — Turpentine and numerous other olefine 
compounds can absorb oxygen from the air and render it so 
active that it can oxidize a second substance which normally 
would not be oxidized in the absence of turpentine. For 
example air readily bleaches indigo or oxidizes arsenious acid 
in the presence of turpentine. The reaction can be photo- 
chemically activated, and it is highly probable that molecular 
oxygen attaches itself to the olefine linking, forming a mot 

oxide, ^ ^ , which is the autoxidator. Some of these 

can be kept in the dark and at low temperatures for years, 
e.g. pinenemoloxide, others decompose very rapidly and may 
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explode. The normal fission would be into 2 molecules of 
ketone, but in the presence of a readily oxidizabie substance 
they give up oxygen to this (the acceptor) ; in the above cases 
the indigo or arsenious acid. 

For recent views, especially with reference to autoxidation 
of ketens, see Standingery B., 1925, 1075. 

Similarly in the addition of oxygen to an aldehyde: 

RCHO .OOH 

R-CH 0 I I R C<f (e.g. perbenzoic acid). 

0 0 ^ 0 - 

For oxidations by means of micro-organisms see Chap. 
I.XIX. B. and C. 


XLIX. CATALYTIC ACTION OF FINELY DIVIDED 
METALS AND METALLIC OXIDES 

A. Catalytic Reduction or Hydrogenation • 

Numerous reductions by means of gaseous hydrogen can be 
readily accomplished by using a suitable catalyst. The reduc- 
tion may take place in the vapour phase at moderate or high 
temperatures, in the liquid phase at room temperature or 
temperatures up to 300^-400°, but usually at 160°~250°, and in 
either liquid or vapour phase at atmospheric pressure or at 
pressures up to several hundred atmospheres. As the reduc- 
tions decrease the volume they are helped by increased pressure. 

Sabatier and Senderens (1897-1919) in their study of the 
action of finely divided metals found that platinum is an ex- 
tremely efficient catalyst, but that nickel, cobalt, copper and 
iron can also be used, but of these nickel is much the best. 

In more recent years mixed catalysts have been used, e.g. 
copper chromite (CuO and Cr^O^), 

♦ Hydrogenatim cf Organic Substances. C. Elli*, Now York, 1930. The 
Mechamm rf Contact CeUaiysis, £. H. Gnffithi, Oxford, 1936. 
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Nickel. — The metai must be in an extremely hue state o{ 
division, and this is accomplished by reducing the metallic 
oxide in a current of hydrogen at a temperature of about 300®. 
A few grams of the metal are usually sufficient and it retains 
its activity for a long time. In some cases it is advisable to 
deposit the nickel on a suitable medium such as infusorial earth, 
pumice, asbestos, or a membrane. When infusorial earth is 
used as a support, it is found that in aqueous or aqueous- 
alcoholic solutions reduction occurs at the ordinary tempera- 
ture (B., 1916, 55). 

Of the numerous reductions which have been accomplished 
by this process, may be mentioned the following: Carbon 
monoxide at 200® and carbon dioxide at 300® are reduced to 
methane and water. Aromatic hydrocarbons, e.g. benzene, 
toluene, xylene, cymene, at 180® yield their hexahydro-deriva- 
tives. Ethyl-benzene reacts in a somewliat curious manner; 
it appears to be first reduced to its hexahydro-derivative, 
but this is partially reduced to CyiipCHg and 
CH 4 . Similarly phenyl-acetylene, CeUg-CiCH, yields a mix- 
ture of ethyl-cyclohexane, methyl-cyclohexane, and methane. 
The terpenes — limonene, sylvestrene, terpinene, menthene — all 
yield p-methyl-isopropyl-cyclohexane. Pinene yields a dihydro- 
derivative and naphthalene a tetrahydro-comj)ound, and this 
with more hydrogen, decahydro-naphthalene, {Leroux), 

Aliphatic nitriles at 180®-200® yield primary amines, and 
finally secondary and tertiary amines and ammonia: 

R CN -> R CHj NH*; 2R CH, NH, (R CH*),NH + NH,. 

Aromatic nitriles yield ammonia and an aromatic hydro- 
carbon: CeHgCN 4- 3 H 2 - Cellj-CHa -f NH 3 . 

Aromatic chloro-derivatives are readily dehalogenixed at 
temperatures above 270®: CgH 5 Q->CeH 6 , and similarly for 
polychloro-derivatives. The presence of CH3, OH, and NH^ 
groups appears to facilitate reduction: 

CI C^H^ NO, CeHj NH,, HCl. 

Aliphatic nitro-compounds at 150®-! 80® yield the corre- 
sponding primary amines, but at higher temperatures paraflins 
and ammonia. Aromatic nitro-compounds are best reduced 
in presence of copper at 300®-400®; in this manner nitro- 
benzene yields aniline and a-nitro-naphthalene a-naphthyl- 
amine and o-nitro-phenol o-amino-phenol; whereas, when nickel 
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is used, a-nitro-naphthalene yields ammonia and tetrahydro- 
naphthalene. 

Phenol, o-cresol, thymol, and carvacrol at 170®-180® are 
reduced to their hexahydro-derivatives, as are also methyl- 
and ethyl-anilines. Aniline at 190° also yields its hexahydro- 
derivative, cyclohexylamine, but at the same 

time dicyclohexylamine, (C^Hii) 2 NH, and cyclohexyl-aniline, 
are produced. Schiff's bases (p. 493) and 
reduced nickel at 200°-230° give hydrocarbons and secondary 
amines, e.g. Ph-NH-CHgPh from benzylideneaniline, together 
with a little aromatic hydrocarbon (toluene) and base (aniline) 
(Maihle, Bull. Soc., 1919, 26, 321). 

At moderate temperatures (130°-160°) polyhydric phenols 
yield corresponding hexahydro-derivatives. 

Alcohols are formed by the reduction of aldehydes and 
keU)nes at temperatures slightly above their boiling-points, 
e.g. (C^HslaCH-OH. 

Olefine and acetylene derivatives are readily transformed into 
the corresponding saturated compounds at moderate tempera- 
tures, and compounds of the aromatic series, e.g. cinnamic 
acid, can be reduced to saturated compounds without the 
benzene nucleus being effected. Unsaturated ketones, e.g. 
mesityl oxide and phorone, can be reduced to the correspond- 
ing saturated ketones. Diketones yield various products: 
thus diacetyl at 140°-150° 3 delds a mixture of hydroxy-ketone 
and glycol; acetonylacetone yields the anhydride of the cor- 
responding glycol; benzil, benzoin, and benzoylacetonc yield 
the corresponding hydrocarbons. Lsevulic acid yields valero- 
lactone, quinones yield quinols; and carbylamines, alkyl iso- 
cyanates, and oximes yield mixtures of amines, mainly secon- 
dary. {Sabatier and Senderens, Annales, 1905 [viii], 4 , 319; 
Sabatier and MaiMe^ ibid, 1909, 16, 70; Sabatver, B., 1911, 
1984.) 

With a slightly active nickel at 300°~350°, ketones of the 
type benzophenone and phenyl benzyl ketone yield the aro- 
matic hydrocarbons, e.g. diphenylmethane and 5-diphenyl- 
ethane. With a more active nickel at 170°, the benzene nuclei 
are also reduced {Sabatier and Murat, C. R., 1914, 168, 760). 

Acxjording to Boeseken and van Senden (Rec. trav., 1913, 82, 
23), both heptaldehyde and n-heptyl alcohol when heated with 
nickel at 220° yield n-hexane together with CO. 

The following saturated monohydric alcohols when reduced 
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with hydrogen at 250° and under pressures of 100-200 atmo- 
spheres yield methane, water and a saturated hydrocarbon 
containing one atom of carbon less than the original alcohol : 
n-dodecyl, n-tetradecyl, n-octadecyl and y>cyclohexylpropyl. 
With secondary alcohols, e.g. octan'2-ol and ci/c?o-hexanol, the 
corresponding hydrocarbons n-octane and cycZo-hexane are 
formed. 

When a copper chromite catalyst is used at temperatures 
120°~250° and pressures of 140-210 atmospheres many oxygen 
and even carbon compounds undergo fission (hydrogenolysis 
analogous to hydrolysis), 

^C— 0— H + 2H + H OH, 

^C— + 2H -> + H C^ 


The following compounds undergo fission at the link indi- 
cated. 



Esters of saturated acids. 


H04cHR'CH,C0,Et, 


Esters of jS-hydroxy acids. 


CeH^CHR-i-OH, 


Substituted benzyl alcohols. 


C,H5CHRCH,4-0H, 


jB-phenyl-j5- alkyl ethanols. 


CH,CH(OH)4€Me,COaEt, 


Ester of ao-dimethyl-/3-hydrory 
propionic acid. 


CH,Ph-rCHPb„ 


.CHJ-^OH: 

ch:c~<< 

•Oo 

ch:ch>^- 


aa/9-triphenyl ethane. 


also open-chain and cyclic glycols and malonic and aceto- 
acetic eaters. 
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When the vapour of an alcohol is passed over the same 
catalyst in the absence of hydrogen at 3(X)° at atmospheric 
pressure, the reaction is largely dehydrogenation, e.g. butyl 
alcohol yields butaldehyde and hydrogen, but at 3(X)°-400° 
and at pressures of 100-300 atmospheres the aldehyde con- 
denses to an aldol and then dehydration to an unsaturated 
aldehyde (croton-aldehyde) or to an ester, e.g. n-butylpro- 
pionate : 

2C3H7 (:!H0 O CHj C3H7 


(Atkins and others, J. A. C. S., 1932, 4678; 1933, 2992). 

Hydrocarbons can be prepared from esters by a two-stage 
catalytic hydrogenation process. The ester is first reduced 
to the alcohol using a copper-chromite catalyst, and then to 
the hydrocarbon using a nickel catalyst. 

xO 

R-CO/ R CH.OH > K CH, 

' OMe ( 1) (2) 


(ibid. 1933, 1293). 

Platinum . — WiUstdtter and others (B., 1912, 1471 ; 1913, 527 ; 
1918, 769) used platinum black and hydrogen for reducing 
numerous benzene derivatives although they are reduced less 
readily than olefines. The method is to shake the mixture in 
presence of glacial acetic acid at room temperature and pres- 
sure. The main' products are the corresponding cyclohexyl 
compounds (addition of 6H), but with phenol a certain amount 
of cyclohexane is also formed and with aniline ammonia and 
dicycfohexylainine are also obtained. Naphthalene appears to 
be reduced directly to decalin as no di- or tetra-hydro-com- 
pounds can be isolated. Dihydro-naphthalene under similar 
conditions 3 delds the tetra-hydro-compound and then more 
slowly decaUn. 

In the presence of small amounts of oxygen phthalic an- 


.CH. 

hydride yields phthalide, CeH 4 <^ ^0, o-toluio acid and 


finally hexahydrophthalide and cyciohexane-1 : 2-dicarboxylic 
acid indicating that the anhydride ring is reduced more really 
than the benzene ring. Traces of phthalic anhydride inhibit the 
reduction of benzene unless the metal is activated by oxygen, 
and phthalic acid itself is readily reduced in the absence of 
.oxygen and all traces of the anhydride. On the other hand, 

( B 4S0 > 2S^ 



746 


XT.IX. CATALYTIC ACTION 


the presence of oxygen retards the reduction of pyrrole deri- 
vatives {Hess, B., 1913, 3113). For the reduction of acetylenes 
platinum is less effective than palladium (Paal, 1918, 640). 

With a platinum catalyst and the ketonic esters CHg-CO 
[CHJn-COgEt (where n = 1 to 5) the rate of reduction of CO 
decreases as n increases, but with Isevulic esters CHg-CO’CHg* 
CH2-C02B it decreases as R increases (J. A. C. S., 1931, 3861 ; 
1933, 806). 

Palladiam. — Colloidal platinum has been used for reducing 
nitrobenzene in alcoholic solution at 65‘^-85'', and a yield 
of 50 per cent of aniline obtained (B., 1907, 2209), but 
colloidal palladium has found more general use, e.g. for re- 
ducing alcoholic solutions of unsaturated acids or their esters 
or glycerides at ordinary temperature {Paul and Gerurn, B., 
1908, 2273; 1909, 1553, 2244, 3930). For preparation of col- 
loidal palladium on activated charcoal cf. B., 1924, 1263. 
Similarly unsaturated ketones can be reduced to saturated, 
e.g. citral yields citronellal and citronellol, and many alkaloids 
also take up hydrogen (B., 1909, 1627; 1911, 2862). By alter- 
ing the pressure of the hydrogen it is sometimes possible to 
obtain from an unsaturated ketone either the saturated ketone 
or the secondary alcohol. With a pressure of 1-2 atmospheres 
d-palegone yields d-menthone, mesityl oxide yields methyl- 
isobutyl ketone, but phorone yields di-i^obutyl carbinol unless 
a prevssure of less than 1 atmosphere is iLsed when the saturat()d 
ketone is formed. With a pressure of 5 atmospheres cyclic 
ketones and aromatic aldehydes are reduced to alcohols 
{Skita, B., 1910, 3393), and even solutions of palladous chloride 
in hydrochloric acid can be used in place of the colloidal metal 
(1911, 2862). 

Palladium deposited on active charcoal (B., 1924, 1263, or 
J. S. C. I., 1936, 225T) is often used, e.g. in determining the 
hydrogen value of polyenes, the reduction being complete at 
room temperature and pressure in a short time. If platinum 
is substituted for palladium the benzene ring can be reduced 
at the same time. Ketones of the type acetophenone and its 
homologues are readily reduced to hydrocarbons with a pal- 
ladium-charcoal catalyst (Zelinsky and others, B,, 1933, 872). 
This does not, however, apply to cyclic ketones, to hexahydro- 
acetophenone and its homologues, or to ketones in which the 
CO is separated from the benzene ring by CH, or 
With benzoin the CO is reduced before the OH, and the stages 
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are Ph CO OII Ph OH > OH-CHPh-CHPh-OH, CE^Fh CU^Vh. 
The chlorides of dibasic acids with the same catalyst give alde- 
hyde acids, CH0 {CFl 2 )n*C 02 H. 

With quaternary ammonium salts a hydrocarbon and ter- 
tiary amine are formed, e.g. CfiH^-CHg'NMcgPhCl gives toluene 
and dimethylaniline (Helv., 1932, 1330). 

Hydrogen and palladinized charcoal have been used for 
reducing aminoalkylketones, e.g. R-CO-CHj'NHg, to the 
corresponding carbinols, R*CIl(On)*CH 2 -NH 2 (Arch, pharm., 
1915, 253, 18J), and palladinized barium sulphate and hydro- 
gen reduce acid chlorides to aldehydes (Chap. VII, B.). Pal- 
ladium or platinum in a fine state of division, e.g. deposited 
on barium sulphate, or infusorial earth, reduces unsaturated 
alcohols, aldehydes of the open-chain terpeiie series to the 
corresponding saturated analogues without destroying the 
Clfg-OH, Clio, or CO 2 H groups (Paal, Chem. Zeit., 1917, ii, 
145). 

When aromatic alcohols, aldehydes, or ketones are reduced 
catalytically in acetic acid solution in the presence of colloidal 
platinum, the j)roducts are usually hydrocarbons, e.g. benzal- 
dehyde yields toluene and its hexahydro-derivative. If the 
OH, (JHO, or CO groups are protected, then their hexahydro- 
derivatives are formed, e.g. benzylideneaniline gives hexa- 
hydro-benzaldehyde, /S-phenylcthyl acetat/C gives ^-cyclo- 
Hcxylethyl alcohol, CeHxpCIIa-CHa-OH. 

When cinnamaldehyde is reduced in the presence of palla- 
dous chloride and gum arabic in aqueous solution, the pro- 
duct is mainly phenylpropaldchyde ; with acetic acid as solvent 
and with PtCl 4 and gum arabic, y-phenylpropyl alcohol is 
formed; and with more PtCl 4 , y-cyclohexylpropyl alcohol. 

Hydrogen under High Pressures. — Ipatieff (B., 1901-1912) 
was the first to study hydrogenation at pressures of 100-120 
atmospheres with nickel and palladium in a special gun-metal 
bomb heated in an electric ^nace at 230°-260^. The most 
efficient catalyst was NiaOj, and only 2-3 gm* were required 
for 20-30 gm. of the substance to be reduced, and it can be used 
a second time. Under such conditions, acetone yields pure 
isopropyl-alcohol; acetylacetone, the glycol, CH 3 UH(OH)' 
CH 2 *CH( 0 H)’CH 8 ; phenol, hexahydrophenol ; diphenyl, di- 
cyclohexyl; naphthalene, tetra- or decahydro-naphthalene; 
di benzyl, dicyclohexylethane; a- and jS-naphthols, a- and 
jS-decahydronaphthols, and similarly for sodium /5-naph- 
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thioate; benzophenone, diphenylmethane ; sodium benzoate, 
sodium hexahydrobenzoate (60 per cent yield) and aniline, 
diphenylamine, quinoline, anthracene, phenanthrene and 
acenaphfchene, the corresponding compounds with fully hydro- 
genated benzene rings. 


B. Industrial Hydrogenation ♦ 

Catalytic reduction is now used for the production of the 
following substances: 

(1) Methanol and synthol. (2) Hydrocarbons. (3) Alcohols 
from fatty acids or glycerides. (4) Alcohols from aldehydes 
and ketones. (5) Hardened oils. (6) Hexahydrobenzene 
derivatives. (7) Tetralin and decalin. (8) Petrol and lubri- 
cating oils. 

The methods used are largely based on the simple processes 
devised by Sabatier ^ WiUstdUer and Ipatieffs either in the 
gaseous or liquid phase. The temperature must be regulated 
as dissociation and polymerization products occur at higher 
temperatures, but on the whole rise of temperature favours 
hydrogenation. Increased pressure is often employed especially 
as the reactions are all accompanied by contraction of volume. 

The catalysts are usually nickel or more rarely copper, 
nickel is the more active, but is more readily poisoned and is 
sometimes deposited on a carrier such as Kieselguhr, pumice 
or clay. Such catalysts are more durable and more heat re- 
sistant than the metal itself. Activated nickel turnings and 
wool are also used. The activation is accomplished by steeping 
in dilute hypochlorite solution or by electrolysing in a sodium 
carbonate solution, and then washing, drying and reducing at 
260°. The method of preparation of the catalyst affects its 
activity, and as a rule those prepared at lower temperatures 
have the greater activity. Other factors are the amount of 
surface exposed, the nature of the surface and the crystal 
form. The tendency is to use a continuous process, the oil and 
hydrogen passing continuously over the catalyst. Small 
amounts of arsemc act as poisons to the catalyst, and hence 
the materials require purification before use. In the hydro- 
genation of oils the presence of free fatty acids and of protein 

• Catalytic Processes in Applied Chemistry, 2nd Edition. Hilditch and 
Hill, London. 1937. 
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is undesirable. The great bulk of the hydrogen used is manu- 
factured by decomposition of steam, and water gas over 
Fe 304 and removing the carbon monoxide and dioxide (about 
2 per cent), but each year larger proportions are made electro- 
lytically, especially where cheap current is available. 

Methyl Alcohol — Methanol. — The production of methanol 
from water gas or preferably water gas subjected to the 
cat/alytic hydrogen process (CO + HgO COg 4~ Ilg) over 
oxide of iron so that the proportions of CO to ifg are roughly 
1 : 2 , 

CO + 2Hb-CH, OH 4 3:^ Kg. cal., 

has largely replaced the older method of production from wood 
distillation products. It is employed in large quantities as a 
methylating agent in the dye industry, for use as a solvent, 
and also for manufacturing formaldehyde required in the syn- 
thetic resin (plastic) industry (Chap. LX, C.). The conditions 
of synthesis are : a catalyst of ZnO or preferably a basic zinc 
chromate (75 at. Zn to 25 of Cr), or chromium and manganese 
oxides at a temperature of about 400° and a pressure of 200 
atmospheres. Sulphur compounds must not be present in the 
gases, and traces of Fe, Co or Ni in the catalyst tend to produce 
methane. The reaction is reversible and exothermic, the 
yield tends to diminish with rise in temperature, and tem- 
perature is regulated by an efficient system of heat exchangers, 
and as there is a volume decrease the yield tends to increase 
with rise of pressure. To prevent formation of methane the 
vessel is lined with copper, silver or aluminium, or alloys which 
do not yield carbonyls. Carbon dioxide can be reduced in a 
similar manner, CO^ “b CHg-OH + H 2 O, and gaseous 

by-products obtained in certain fermentations can be used 
for the purpose (e.g. in formation of butyl alcohol). 

By the addition of alkali to the catalyst and working at 
slightly higher temperatures the product is^a complex of a 
small amount of hydrocarbons with large amounts of alcohols 
(C4 to C7), including 2-methyH-butanol, 2-methyl-l-pentanol, 
2 : 4-dimethyl-3-pentanol, and other oxygen compounds prob- 
ably formed by processes of dehydration from lower alcohols. 
The product is usually termed Synthoi. According to Morgan 
J. S. C. I., 1932, IT), the best catalyst is a mixture of chromium 
and manganese osddes containing 15 per cent of rubidium 
osdde. 
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Hydrocarbons. — A mixtur(' of hyilrocarhons can bo obtained 
from water gas (CO : llg =^=1:2) at atmospheric pressure by 
using a cobalt-thorium-Kieselguhr catalyst and temperatures of 
200°. The product consists of 98 per cent of paraffins varying 
from methane to solids, and by fractionation can yield motor fuel, 
benzines, lubricating oils and waxes {Fischer and Tropschy 1926). 

Hydrogenation of aldehydes and ketones by passing hydro- 
gen and the vapour of the compound over a heated nickel 
catalyst on pumice or Kieselguhr. Ethyl alcohol is manu- 
factured by this process from aldehyde in Switzerland and 
isopropyl alcohol from acetone in America, as this alcohol 
is required in perfumery in place of ethyl alcohol. In the 
latter reaction the optimum temperature is 150°-180°, and 
proceeds best under pressure. 

Hardening of Fats. — The process of greatest commercial 
importance is the hydrogenation of vegetable and fish oils and 
fats. As already stated (p. 183) the oils of the vegetable and 
animal kingdom are rich in glycerides of oleic, linolic and 
linolenic acids, and these on complete reduction yield tri- 
stearin. This hydrogenation is accompanied by a rise in the 
melting-point, a diminution in the iodine value, finally to zero, 
and a corresponding de< rease in the value of the refractive 
index. The course of the reduction can be readily followed by 
determining the refractive index of samples from time to time. 
As a rule complete hydrogenation produces too hard a fat, 
but by partial hydrogenation it is possible to obtain fats of 
any consistency suitable for use as butter substitutes (mar- 
garine) or as tallow substitutes in the soap and candle indus- 
tries. The process of hydrogenation is selective, i.e. the more 
unsaturated glycerides are first reduced, e.g. all linolein to 
olein before the latter is attacked. By reduction of linolein it 
is possible to obtain an iso-olein with the double linkage in a 
position different from what it is in ordinary olein; it has also 
been proved that during the reduction of olein itself isomeric 
change can occur and glyceridcvs of elaidic and other isomeric 
oleic acids can be formed. This has a disadvantage in industry 
as the salts of these solid oleic acids have not the same lathering 
power as has sodium oleate and further the crystalline structure 
of the iso-oleins is different from that of the stearin and thus 
affects the consistency of the edible fat. 

An activated nickd catalyst (p. 748) is generally used, and 
the process made continuous. 
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The oils most commonly used are: (a) Marine animal oils, 
e.g. body, liver and blubber oils. They are usually impure, 
highly coloured, contain much free fatty acids, and are used 
for making solid fats for soap manufacture. (6) Vegetable 
oils, e.g. cotton seed, soya bean, ground nut, &c. These are 
usually much purer, free from fatty acids, and yield solid 
edible oils of great purity suitable for use in margarine manu- 
facture. 

Hydrogenation of Benzene Compounds. — Each molecule of 
the benzene compound requires six atoms of hydrogen for 
complet/C reduction or one ton of phenol requires 25,000 c. ft. 
of hydrogen. The materials used are usually phenol, and the 
cresols in a form free from sulphur and tar. The catalyst is 
nickel, the temperature 160^-200°, usually under a pressure 
of 4 atmospheres and upwards, with sodium carbonate present 
as a promoter. The products, sextoi, &c. (cf. p. 477), are used 
as solvents as also their acetyl derivatives. During the reduc- 
tion of phenol, the A^-tetrahydrophenol is formed which passes 
over into the ketoni^ form, viz. ketocyclohexane or sextone. 
The reduction products boil some 20® lower than the original 
phenols. 

Hydrogenation of Naphthalene takes place at 170®~200® 
under 10--15 atmospheres pressure, but great care has to be 
taken in the purification of the original hydrocarbon. The 
products tetrahydro-naphthalene, tetralin, b.-pt. 206°-208®, 
and decahydro-naphthalene, decalin, b.-pt. 190®-191®, are 
useful solvents. By similar processes menthol can be obtained 
by reducing thymol, and piperitone, a terpene ketone, 
>CH CO 

CMe^ ^CH*CHMe 2 , present in oils from many species 

of eucalyptus, e.g. E. dives and E, piperita (Chap. LVII, B2), 
when reduced yields menthone and menthol. 

Formation of Alcohols from Fatty Acids and Glycerides.— 
The conversion of an ester into the corresponding alcohol 
(CO 2 R CHj'OH) can be brought about catalytically using 
as catalyst a basic copper chromate (“ copper chromate 
at a temperature of 200® and a pressure of 150-200 atmospheres, 
or even at atmospheric pressure: 

R'CO,R' + 2H, R CH. OH i R" OH 
(AdUm and others, J. A. C. S., 1931, 1091, 1095; 1933. 1293). 
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If nickel replaces copper in the catalyst the reduction pro- 
ceeds further, and the product is a saturated hydrocarbon: 

R CH.OH + 2H, -> RH + CH^ + H^O. 

By using a natural fat a mixture of higher alcohols is ob- 
tained which can be separated by careful fractionation under 
reduced pressure. 

Hydrogenation of Petroleum. — This process is used in 
Canada and U.S.A. in the case of crude petroleums with high 
asphalt or high sulphur content, or even with refinery residues. 
A temperature of 500® and 3000 lb. pressure is used and the 
products are petrols, burning and lubricating oils. 

For many years two different views have been held as to 
the mechanism of catalytic hydrogenation and similar pro- 
cesses. The one was a chemical theory postulating the for- 
mation of unstable compounds between the catalyst and the 
hydrogen, unstable metallic hydrides which could not be 
isolated but which induced hydrogenation. When it was 
shown that the compound reduced can undergo chemical 
change during hydrogenation, e.g. the change of oleic into iso- 
oleic acid (shifting of the double bond and stereochemical 
change), it became necessary to assume that the organic 
compoimd also entered into chemical action with the catalyst. 
Sabatier and Maihle's proof that different metallic oxides have 
different actions on ethyl alcohol, e.g. some dehydrogenate and 
others dehydrate (cf. this Chap., D.) supports the view that there 
is a chemical action between the catalyst and the compound 
undergoing change, and in certain cases it is possible to isolate 
intermediate compotmds, e.g. ethyl hydrogen sulphate in the 
action of sulphuric acid on alcohol, and barium acetate in the 
catalytic formation of acetone from barium carbonate and 
acetic acid. This was supported by Armstrong and Hilditch's 
proof (P. R. S., 1919, 96 , A., 137; cf. Maxted, J. C. S., 1921, 225; 
1936, 635) that in catalytic hydrogenation in a liquid phase 
equal amounts of the unsaturated compound are hy^ogenated 
in unit time at any stage of the process, i.e. the reaction is of 
the nil-molecular order. 

The other view, at first purely physical, was that the gas 
was adsorbed and enormously concentrated on the catalyst 
surface, and the change was a function of the rate of diflEusion 
of the organic compound into this layer. It was subsequently 
found that certain gases are adsorbed to a much greater 
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extent than others, e.g. Hg, C 2 H 4 , CO as compared with Ng 
and He, and further that the former group give a much 
greater heat of adsorption than the latter, and such adsorption 
was termed “ activated adsorption ” and dealt with uni- 
molecular layers. The heat evolved is of the order of a mild 
chemical reaction, and the forces involved are indistinguishable 
from what is termed chemical affinity; the formation of 
definite intermediate chemical compounds is probably rare 
in heterogeneous catalysis. High temperatures adversely affect 
a catalyst produced at lower temperatures, and in the case of 
nickel exposure to high temperatures produces a diminution 
in bulk of the catalyst and a corresponding loss of activity. 

Taylor (P. R. S., 1925, A., 108 , 105; J. A. C. S., 1931, 578) 
points out that hydrogenating catalysts prepared at low 
temperatures have, when examined by X-rays, a defiinite 
lattice structure of the crystalline material, but that probably 
local excrescences of irregular formation of atoms occur above 
the crystal surface, and these may be the seat of catal)rbic 
activity. Nickel with a Kieselguhr or charcoal support can 
withstand high temperature better than the unsupported 
metal; it appears to be protected in much the same manner 
as platinum or palladium by colloidal gum arabic. 

Catalyst Poisons. — The poisoning of a catalyst may be due 
to several causes. In the case of hydrogen sulphide or acids 
some of the activated hydrogen atoms undergo chemical 
changes and become deactivated; in the case of resins, tars, 
&c., in colloidal suspension they are adsorbed and prevent 
the other interacting substances coming in contact with the 
catalyst. Similarly carbon monoxide is adsorbed in preference 
to hydrogen, and thus diminishes the reducing power of the 
catalyst. 

Alkyl sulphides are more toxic than HjS, and the toxicity 
increases with the alkyl group up to cetyl sulphide which is 
34 times as toxic as HgS. 

Thiols are also toxic and dithiols less than the monothiols. 
Probably the S becomes anchored to a catalyst atom and the 
alkyl groups inhibit the approach of the reagents and lessen 
the effectiveness of the catalyst. 

The presence of small amounts of a poison sometimes has 
a beneficial effect, especially when it is desired to slow down 
the reaction in order to isolate a particular product. Thus in 
• For other vtew» cf. Hilditch and Hill, Chap. II. 
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the reduction of benzoyl chloride in pure benzene with the 
aid of colloidal palladium little or no benzaldehyde can be 
obtained, whereas by using commercial benzene (containing 
the sulphur compound thiophene) good yields can be obtained 
— also by supporting the catalyst on barium sulphate (Rose- 
murid and others, B., 1921, 425, 638, 1092, 2033, 2038). The 
presence of water is sometimes desirable, e.g. with a copper 
catalyst in the oxidation of methyl alcohol to formaldehyde, 
the dehydrogenation of ethyl alcohol to acetaldehyde and 
with a nickel catalyst in the hydrogenation of acetaldehyde 
to ethyl alcohol. 

CataJb^st Stimulants. — The addition of a small amount of a 
second solid sometimes increases the activity and the stability 
of a catalyst. The addendum may be another metal ; thus Ipatie^ 
(B., 1910, 3387) proved that the presence of a little iron im- 
proved the catalytic activity of copper in hydrogenations ; the 
two metals must be intimately mixed, e.g. the oxides precipi- 
tated together and then reduced. A very common phenome- 
non is the increased activity produced by the addition of 
an oxide to a metal. Thus 1~2 per cent of alumina or silica 
precipitated with the nickel increases the absorptive power 
and activity of the metal. Similarly nickel supported on 
activated charcoal, Kieselguhr or diatomaceous earths is more 
active than the unsupported metal, whereas on ordinary 
charcoal, fuller’s earth or pumice the activity is unafiected. 

Alkali oxides or carbonates are often beneficial, e.g. the pre- 
sence of NagCOg (as much as 25 per cent) in the nickel used 
for hydrogenating liquid phenols to cyclohexauols, 

A mixed oxide is frequently a more efficient catalyst than 
either component. Thus zinc oxide can be used for obtaining 
methanol from water gas, but ZnO d- CrgOg is more efficient. 
Copper chromite (CuO 4- Cr^Oj), obtained by reducing basic 
copper chromate, is very useful in reducing higher aliphatic 
acids or esters to the corresponding alcohols (Adkins and 
Connor, J. A. C. S., 1931, 1095), as 90 per cent yields can be 
obtained. At higher temperatures saturated hydrocarbons 
are formed, either imder pressure or at atmospheric pressure 
using a silica gel support: 

RCOjEt -vKCHaOH or R*CH,. 

Copper chromite can be used in most cases in place of nickel 
for hydrogenating carbon compoxmds ; zinc chromite on the 
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other hand hydrogenates carbonyl (C:0) compoundvS but not 
olefines (C:C) {iUd, 3719), thus oleic acid and hydrogen with 
Ni give stearic acid, whereas with zinc chrornite they give the 
unsaturated alcohol CH 3 (CH 2 ) 7 *CH:CH(CH 2 ) 7 *CH 20 H {ibid. 
1937, 1). 

Selectivity. — In mixtures it is found that monosubstituted 
olefines are more readily reduced than di, di than tri, and tri 
than tetra. Butadienes are also reduced more readily than 
olefines (J. C. S., 1928, 823, 2190; 1933, 687), but it is by no 
means universally true that in a mixture of two compounds 
the order of preferential reduction runs parallel with the rela- 
tive speeds of reduction of the pure compounds, as in mixtures 
of allyl alcohol and A^-hexenoic acid or of pinene and cinnamic 
acid the comj)onent which is reduced more slowly when taken 
separately is preferentially reduced in the binary mixture. 
In a mixture of oleic and erucic acids both are reduced at 
practically the same rate. 

At 125®-! 75° and 125-200 atm. the relative rates of 
hydrogenation of the individual compounds follow the de- 
creasing order: quinoline, benzene, toluene, phenol, benzyl 
alcohol, pyridine, diphenylaraine, acetanilide, aniline, whereas 
in binary mixtures it is found that amino -compounds inhibit 
the reduction of benzene or toluene, whereas the latter 
accelerate that of aniline (Adkins and Diwoky, J. A. C. S., 
1931, 1868). 

For hydrogenation of conjugated dienes cf. Chap. LI, C2. 

On the whole nickel is more selective than the noble metals 
and the main addition is to the 3 : 4-po8ition in a butadiene- 
carboxylic acid. Similar differences are met with in hardening 
oils, with platinum the reduction is usually complete, but 
with nickel the reaction is easily stopped at the formation of 
oleates from the more highly unsaturated glycerides, but at 
high pressures and lower temperatures the behaviour of nickel 
is somewhat similar to that of platinum (cf. Harper, J. S. C. I., 
1937, 308T). 

With acetylenes there are always two distinct stages, and 
the speeds of the two stages vary considerably with the nature 
of the substituents in the original acetylenes. 

The reduction of triolein to tristearin proceeds in three 
distinct stages which proceed in diminishing rates so that 
large amounts of stearodiolein are formed before any appre- 
ciable amounts of tristearin are noticeable. With a mixture 
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of palinito-stearo-olein and distearo-olein the former is hydro- 
genated almost exclusively in preference to the latter, so that 
tristearin is not formed in any quantity until all the glycerides 
containing the palmityl group have become fully reduced. 
This may be due to the fact that the palmityl group is in the 
^•position, whereas the stearyl is in the a-position, i.e. 

St a , St a 

C,H,(Pal/3 and C 3 H, ()1 /3 
^01 a a 


C. Oxidation and Dehydrogenation 

The addition of oxygen or the withdraw'al of hydrogen both 
fall under the term oxidation, but the latter is more commonly 
termed dehydrogenation. Both reactions can be catalysed. 

Oxidations. — Oxidation of organic compounds with atmo- 
spheric oxygen can often be accomplished in the presence of 
a suitable catalyst. Among such oxidations of technical 
importance are the production of phthalic anhydride from 
naphthalene, anthraquinone from anthracene, maleic anhy- 
dride from benzene. The important points in these cases are: 
(1) Proportions of air and carbon compoimd, (2) Tempera- 
ture control, particularly as the reactions are exothermic, and 
(3) Type of catalyst. The common catalyst is V206> 
perature 350°~400^, M02O5 is not so active, and platinum too 
active, as it tends to bring about complete oxidation, e.g. 
benzene to carbonic anhydride. Vanadium pentoxide de- 
posited on a zeolite has been recommended with the addition 
of an alkali sulphate as a stabilizer. A lower temperature, 
viz. 250°~300°, can be used with tin vanadate as catalyst 
(Maxted, J. S. C. L, 1928, lOlT). Other oxidations are toluene 
to benzoic acid and nitro-, bromo- and chloro-toluenes to the 
corresponding benzoic acids (yields poor). 

The greater part of formaldehyde (formalin) required in 
the chemical industry is manufactured by the catalytic oxida- 
tion of synthetic methanol using a fine metal gauze (silver, 
silver-copper alloy or usually copper) catalyst. The length 
of gauze is restricted to 70-120 mm. in order to avoid further 
oxidation to formic acid or carbonic anhydride, with a ratio 
of oxygen to methanol of 0-315 : 1 (by voL) and a temperature 
of 450^. The composition of the reacting vapour is controlled 
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by passing air at a constant rate through methyl alcohol heated 
to W-tW. Ordinarily the 40 per cent formaldehyde solution 
is obtained, but by using anhydrous methanol the product is 
a 60 per cent solution. 

Carbonic anhydride can oxidize certain primary alcohols 
to aldehydes and acids in the presence of U808, MoOg and 
pumice, Sn(V03)2 or M0O3 -f VgOg at temperatures of 400°- 
450°. The relative yields of aldehyde and acid vary with the 
catalyst. Using isoamyl alcohol and UgOg the relative pro- 
portions of aldehyde and acid are 72*9 and 12*3 per cent, but 
with MoOg -f- VjjOfi and pumice 40*8 and 37*9 per cent. 
Benzyl alcohol gives 54 })er cent aldehyde and 32-5 per cent 
acid with MoOg at 400°. The reaction is represented as follows: 

R CHj OH + CO, -> R CHO -f H COjH; 

H CO.H CO -f HjO; 

E CHO + H.O ^ R.CH(OH), cTT t g‘cO.H. 

-l-COs 

Dehydrogenation. — The dehydrogenation of primary alco- 
hols into aldehydes and hydrogen takes place when the vapour 
is passed through a tube containing iron, zinc, brass, zinc 
oxide, ferric oxide, or stannic oxide. The method usually 
adopted is to use metallic copper obtained by reducing the 
granular fused oxide and a temperature of 300°. As the re- 
action is endothermic the vapour of the alcohol is raised to 
about 300° before entering the reducing chamber. The alde- 
hyde or ketone and unoxidized alcohol are separated by pass- 
ing through fractionating columns. The gaseous products are 
hydrogen with 1 to 2 per cent of carbon mon- and di-oxide. 
With ethyl alcohol and copper at 300° practically no side 
reactions occur, but only 25 per cent of the alcohol used is 
dehydrogenated, but the 75 per cent recovered can be passed 
over the catalyst again and ultimately a 90-92 per cent yield 
of alcohol obtained. When nickel is used the side reactions, 
accompanied by formation of oxides of carbon, are more 
marked. 

Iso-butyl alcohol (methyl-ethyl-carbinol) gives methyl ethyl 
ketone and n-butyl alcohol gives n-butaldehyde. Cyclohexanol 
yields cyclohexanone, borneol yields camphor, and ketonic 
alcohols yield diketones (Bull. Soc., 1908, [iV], 8, 119). 

The reactions: Primary alcohol ^ aldehyde + Hg, secon- 



758 


XLIX. CATALYTIC ACTION 


dary alcohol ketone -f Hg, are reversible in the presence of 
the catalyst, and the yield of aldehyde and ketone will vary 
with (a) temperature, (6) pressure, and (c) catalyst. When 
alcohols are heated with hydrogen under pressure, and in con* 
tact with zinc or iron, the final products consist mainly of 
hydrocarbons if the temperature is fairly high, e.g. isoamyl 
alcohol yields considerable amounts of propane and methane. 
The formation of these latter is probably due to the following 
series of reactions: 

(CH3)aCn CH2 CH, OH -> (CH3)aCH'CH, (’HO -( Ha. 

(CH3)3CH Cli2 CHO (CHsljCH-CHs + CO. 

(CH3)3CHCH3 + Ha Clla-GHjClIa ^ 

The process of dehydrogenation * has been utilized in the 
elucidation of the structure of complex natural products, 
more especially in tlie sesquiterpene, sterol and bile acid com- 
pounds (cf. Chap. LXII, A, and B.). The dehydrogenations ar(3 
usually brought about in the presence of sulphur (Curie, 1874), 
selenium (Diels, 1927), or metals such as platinum, palladium 
or nickel (Zelmsky, 1911), particularly the two former and 
usually on an inert carrier such as charcoal or asbestos. 

The reactions with sulphur and selenium are similar and 
the hydrogen eliminated is removed as HgS or HgSe. The 
reactions are not catalytic and the amount taken is that theo 
retically required; thus for the dehydrogenation of a sesqui 
terpene it is given by the equation 

CuRu + 3S C^Hig -f 3H,S, 

and as a rule a solvent is not used. With the metals the re- 
action is catalytic and hydrogen is evolved as such or can 
be used up in hydrogenating part of the material. The tem- 
perature used in the case of sulphur is 180°-250'^, with selenium 
280'’-350®, and noble metals 300®. In many cases selenium 
gives better yields than sulphur and can be used in cases 
where sulphur gives negative results. 

The uses of dehydrogenation in the study of structure is 
based on the generalization that during dehydrogenation the 
ring skeleton remains intact, and hence the nature of the 
aromatic product formed gives the structure of the rings 
present in the original compound. The correctness of this 
generalization has been proved by the dehydrogenation of 

• For scunmary cf. Linttead, Rep., 1936, 29i, 
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partially or completely reduced aromatic compounds. Thus 
tetralin and sulphur gives a 70 per cent yield of naphthalene ; 
iimonene yields p-cymene (15 per cent), and terpinene, where 
both double links are cyclic, gives 50 per cent of p-cymene. 

With both sulphur and selenium fully reduced rings resist 
hydrogenation; thus 1- (U-naphthyl) cycfohexene is readily 
dehydrogenated to phenylnaphthalene, whereas the corre- 
sponding 1 -naphthyl-cyclohexane is not (J. C. S., 1936, 1431). 
Similarly alkyl substituted decalins are not dehydrogenated 
at 320^ -330°, whereas the corresponding octalins readily yield 
alkyinaphthalenes. Trans-decalin can, however, be dehydro- 
genated at a temperature of 370°-390® with selenium. Similar 
resistance is met with in the case of cholestane (Chap. LXII, A.) 
and perhydrophenanthrene, but a bicyclic system with one 
aromatic and one completely reduced ring is often hydrogen- 
ated, e.g. 2-cyclohexylnaphthalene. 

When platinum or palladium is used a completely reduced 
ring compound can be dehydrogenated, e.g. cycZohexane 
derivatives give the corresponding benzene compounds, 
decalin gives naphthalene and hexahydrofluorene gives 
fluorene. On the other hand cycib-pentane or -pentene com- 
pounds resist dehydrogenation with these metals. Under 
similar conditions a partially reduced benzene derivative 
yields a mixture of the true aromatic compound and of the 
fully reduced compound; thus cycfohexene and cycfohexadienes 
yield mixtures of benzene and cyclohexane, and cyclic ter- 
penes behave in the same manner {Zelinsky and others, B., 
1924, 1066, 2055; 1925, 185, 864; 1933, 1420). 

Ring substituents, e.g. alkyl — except complex chains — 
methoxy and even COgEt often remain intact during dehydro- 
genation, so that the process is not only of value for deter- 
mining the ring skeleton of the compoimd but also for the 
positions of certain substituents, e.g. most sesquiterpenes yield 
cadalene (1 : 7 -dimethyl-4- wpropyl naphthalene) or eudalene 
(6-methyl-4-i5opropyl naphthalene), thus fixing the positions 
of the substituents in the original hydrocarbons (Chap. 
LVII, F.). 

Even carboxylic groups can be retained in hydro-naphtha- 
lenes and phenanthrenes by working under reduced pressure; 
an exception is 1 -methyl tetralin-4-carboxylic acid, where 
COjj is eliminated and 1 -methyl-naphthalene is formed (C. R., 
1934, 199 . 1131). 
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During dehydrogenation a methyl group may be eliminated, 
when sulphur is used, as methyl sulphide. The simplest 
example is met with in ionene (I), which yields 1 : 6-dimethyl 
naphthalene. The methyl group eliminated is one of the 

Meg 



quaternary ones, i.e. one in the group ?>iniilar com- 

pounds, e.g. 1 : 2-dimethykiycZohexane are difficult or impossible 
to dehydrogenate when metal catalysts are used (cf. also Clemo 
and Dickenso?}, J. C. S., 1937, 255). On the other hand all 
three methods tend to eliminate quaternary methyl groups 
when they are in an angular position, i.e. attached to a carbon 
atom common two rings. This elimination was observed 
by Ruzicka in the case of the sesquiterpene, selinene, and the 
corresponding alcohol eudesmol. This is a reaction of great 
interest, and when it is observed that a natural product loses 
a methyl group during dehydrogenation the conclusion is 
usually drawn that the methyl group occupies an angular 
position (cf, Abietic Acid, Chap. XXXII, B3, and Sterols, 
Chap. LXII, A.). 

Similarly an angular -COjEt group is removed during 
dehydrogenation. 

Certain so-called abnormal reactions occur during dehydro- 
genation, but usually at higher temperatures than those 
stated on p. 758. It follows that a structural formula for a 
complex compound based on dehydrogenations carried out at 
temperatures of 370®~400® must be accepted with caution. 

At these higher temperatures the following reactions have 
been noted: 

(1) A ring methoxy group may be completely eliminated. 

(2) Alkyl groups may wander during dehydrogenation, e.g. 
from the 4- to the 1 -position in the naphthalene ring, but never 
from the 1- to 2-po8ition in naphthalene or from 3- to 4-position 
in phenanthrene derivatives (Helv., 1936, 386). Several 
suspected cases of migration have been shown to be cases of 
wandering during the synthesis of the compound and not 
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during its dehydrogenation. A migration of a methyl group 
can occur when a neighbouring substituent, e.g. hydroxyl, is 
eliminated, the methyl taking the place of the eliminated 
group. A wandering of an angular methyl group also occurs 
during dehydrogenation in the sterol group (Chap. LXII, A.), 
the Me taking the place of a complex carbon chain X which 
is eliminated. 



(3) llnsaturated side chains, e.g. allyl, may be hydrogenated 
even at the lower temperatures [Cook and others, J. C. S., 
1935, 767, 1633), and even cyclic double links can be reduced; 
thus 1-naphthyl-cycZo-hexene yields a mixture of phenyl- and 
cyc'Zo-hexyl-naphthalenes. With certain compounds only partial 
dehydrogenation occurs, e.g. dodecahydrochrysene. 

(4) Cfiange in ring structure. 

{a) Ring enlargement from 5 to 6 carbon rings, a- and jS- 
methylhydrindenes with selenium at 450° yield naphthalene: 



and hydrindenes with larger alkyl groups jdeld naphthalene 
and not alkyl-naphthalenes. 

Also sterols and bile acids at high temperature yield 
chrysene, although at lower temperatures the product is 
Bids' hydrocarbon, CigHig, containing a c^rZo-pentene ring 
in place of one of the 6 C rings of chrysene. Similar changes 
occur when metals are used (cf. Sterols). 

(6) Decrease in size of ring. When cycZo-heptane and cydo- 
octane are heated with selenium at 440° the products are 
respectively toluene and p-xylene. 

(c) Formation of new ring. 1 : 2-Diethylcj/cZohexene and 
selenium at 420° yield naphthalene, and somewhat analogous 
is the formation of phenanthrene by heating di-o-tolyl with 
sulphur at 250°, or dibenzyl with platinized carbon (J. S. C. I., 
1936, 347T) 

Small yields of aromatic hydrocarbons are formed by the 
dehydrogenation of various aliphatic hydrocarbons with 
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platinized charcoal at 300^-310°, e.g. di-isobutyl yields 
p-xylene and di-i^oamyl yields m-cyraene (B., 1936, 1862). 

(d) Vomplex ring changes. The spiro compound I when 
heated with selenium at 280°-32()‘^ yields naphthalene, and 
l-c//c/o-pentyl>hydrindene by sulphur dehydrogenation yields 
phenanthrene (Robinson, J. C. S., 1936, 80). 


I 



With the bicyclic terpenes and metals the tri or tetra ring 
is ruptured, and the product in the case of carane II and 
pinane III is the aromatic hydrocarbon p-cymene. With 
thujane IV the tri ring is ruptured and the product is an iso- 
meric stable pentene V which does not undergo dehydro- 
genation. 


Me Me Me 



I 

Pr" 


Oxygenated Compounds. — If the ring contains a carbonyl 
group the oxygen is often eliminated, but occasionally yiel^ 
a phenol, e.g, 7-methyH-tetralone yields T-methyl-l-naphthoL 
As already stated, methoxy groups frequently remain intact. 

Acid anhydrides, e.g. naphthalene-2 : 3-dicarboxylic anhy- 
dride with selenium and a hydrogen donor (p-cycZohexyl- 
phenol) yields 2 : 3-dimethyl-naphthalene, whereas the iso- 
meric 1 : 8-anhydride yields 1-methylnaphthalene, the second 
CO group being eliminated. 

The differences observed between dehydrogenation with 
sulphur and selenium (chemical) on the one hand and de- 
hy^ogenation with the aid of metal (catalytic) may be due 



J)EHYI)RATION 


763 


t /0 the addition of S or Sc to an unsaturated centre followed 
by the elimination of HgS or UgSe in the chemical process 
and to the activation of hydrogen by the metal, followed by 
the elimination of this hydrogen as such, or its addition to an 
unsaturated centre (not an aromatic centre) in the same or 
even in a neighbouring molecule. 

D. Dehydration 

The dehydration of an alcohol to an ether or to an olefine 
can be effected catalytically by using a suita})le oxide cata- 
lyst, e.g. AI 2 O 3 . 

I H2CH3 CH. OH (0113 0113)30 + HaO. ( 400 '^) 

II (0H3 0n3)3O 2CH2:cii2 + h.o. (530°) 

The formation of ether or olefine depends upon the nature 
of the alcohol, on the temperature and on the catalyst. On 
the whole tertiary alcohols lose water most readily, a lower 
temperature favours ether formation, as also does increased 
pressure. The activity of a given oxide catalyst varies with 
its mode of formation and its activity is always diminished 
by strongly heating. Of the various oxides examined the 
most efficient appear to be thoria and alumina. 

Aluminium phosi)hate, AIPO 4 , is also used. 

With w-butyl alcohol the product is a mixture of a-butylene, 
CHj-CHg-CHiCHg, 73 per cent, and isobutylene, ( 0113)20 :CH 2 , 
27 per cent at 32°, but with t. 9 obutyl alcohol at 310° the 
proportions are 31-5 of a and 68*5 of iso {SenderenSy Bull. Soc., 
1907, [IV], 1 , 692). 

Dehydration does not occur in the absence of the catalyst, 
even when higher temperatures are used. Reaction I is re- 
versible, as ether and water, under similar conditions, yields 
a certain amount of alcohol. 

Unsaturated hydrocarbons can also be obtained by the action 
of aluminium oxide on cyclic alcohols; thus menthol (Chap. 
LVII, B 2 ) yields menthene. The same catalyst at 200°-300° 
is able to transform ethylene oxide and its homologues into 
the isomeric aldehydes: 

on 
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A similar change occurs in the absence of the catalyst, but 
at a higher temperature, viz. 

Numerous other substances, e.g. pumice, animal charcoal, 
sand, red phosphorus, and aluminium phosphate, can de- 
compose alcohols into olefines and water, but oxide of alu- 
minium appears to be the best {Senderens^ C. R., 1907, 144 , 
381, 1109). Bouveault has designed a special apparatus for the 
preparation of olefines by this method. 

The action of silica as a catalytic agent is extremely char- 
acteristic. Pure precipitated silica, moderately calcined, decom- 
poses ethyl alcohol at 280°, yielding pure ethylene. After it 
has been more strongly calcined, it induces decomposition only 
at a higher temperature, and then yields ethylene and water 
together with hydrogen and aldehyde. Pulverized quartz can 
yield as much as 50 per cent of the theoretical amount of 
hydrogen and 50 per cent of ethylene. Similarly, alumina 
which has been strongly calcined decomposes part of the 
alcohol into hydrogen and aldehyde. Experiments made with 
gypsum (CaS 04 , 2 H 2 O) dehydrated below 400° and with an- 
hydrite (CaS 04 ) indicate that the catalytic dehydration of 
alcohols is effected by substances which are capable of forming 
temporary hydrates. Thoroughly calcined gypsum or natural 
anhydrite decomposes alcohol at high temperatures only, and 
then yields mainly hydrogen and acetaldehyde; on the other 
hand, gypsum which has been dehydrated at a moderate 
temperature is capable of combining with w^ater, and decom- 
poses alcohol at about 400°, yielding ethylene {Senderens^ 
Annales, 1912, 86 , 449). 

Sabatier and Maihle (Annales, 1910 [viii], 20 , 289) have 
studied the action of the following metallic oxides on primary 
alcohols, e.g. ethanol: ThOj, AI 2 O 8 , WjOg, CrgOs, SiOg, 
TiOj, BeO, ZrOg, UOj, M 02 O 5 , Fe 203 , VjOg, ZnO, MnO, CdO, 
Mn 304 , MgO. The &st four act almost entirely as dehy- 
drating agents, and at 340°-n360° give 90-100 per cent yields 
of ole&ie and little or no hydrogen (cf. Baskerville, J. A. C. S., 
1913, 93). On the other hand, the last five oxides bring 
about dehydrogenation, and give practically 100 per cent of 
hydrogen and no olefine. BeO and ZrO^ give approximately 
equal volumes of hydrogen and olefine, i.e. they are mixed 
catalysers, as are practically all the intermediate oxides. For 
summary of actions in case of ethyl alcohol cf . Morris, Ohem. 
Rev., 1932, 465. 
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The mechanism of catalytic dehydration does not consist 
in the formation of unstable hydrates of the catalyst as at 
first supposed, but in the formation of alkyl salts, e.g. ethyl 
thorate or ethyl aluminate formed by the union of the alcohol 
with the acidic oxide used as a catalyst: 

ThO* + 2EtOH ThO(OEt), + HjO 
ThO(()Et), 2CaH4 + TliO(OH), 

ThO(OH), ThO, + H,0. 

The reaction can be utilized for obtaining iso- from n-butyl 
alcohol. The latter dehydrogenated yields A^-butylene, and 
this with sulphuric acid and subsequent hydrolysis gives the 
iso-alcohol, methylethylcarbinol. 

Ether can readily be prepared from absolute ethyl alcohol 
by passing over carefully dehydrated alum at about 200° 
and carefully fractionating the product. Higher ethers, e.g. 
n-butyl, are formed by passing the alcohol vapour over alu- 
minium or chromium sulphate at temperatures below 300° 
and pressures up to 100 atmospheres. 

Mixed and true aromatic oxides or ethers can be readily 
prepared by using ThOg (C. R., 1914, 158, 608). For catal^jrtic 
formation of hydrocarbons cf. Senderens and Murat, Annales, 
1915 [ix], 4 , 253. 


E. Esterification 

Sabatier and Maihle (C. R., 1911, 152, 494) have shown that 
TiOg is a good catalyst for the conversion of acids and alcohols 
into esters. The method is to allow a mixture of molecular 
proportions of the vapour of the two compounds to pass over 
a column of the dioxide kept at 290°-300°. The yield of ester 
is about 70 per cent, and the process is extremely rapid. A 
similar method may be used for hydrolysing esters, e.g. allow- 
ing a mixture of the ester vapour with an excess of steam to 
pass over the dioxide at 280°-300°. Similar results are ob- 
tained with thorium oxide, provided aromatic acids are used, 
and glucinum oxide behaves similarly. 
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F. Amines, Nitriles, Thiols and Ketones 

Formation of Amines, Nitriles, Thiols. — Amines arc formed 
when a mixture of an alcohol and ammonia is passed over 
thorium dioxide at (C. R., 1909, 148, 898; Bull. 

Soc., 1911 [iv], 15, 327), a good yield of cyclohexylamine is 
obtained from the alcohol and ammonia over nickel at 150*^, 
and the secondary amine almost exclusively at 190*^ (0. R., 
1929, 189, 927) ; thiols (mercaptans) are formed when a mixture 
of alcohol and hydrogen sulphide is passed over the dioxide 
at 300^-360^ (C. R., 1910, 150, 1217, 1569). The yields are 
especially good with primary alcohols, and even phenol 
gives a 17 per cent yield of thiophenol at 430°~480°; and 
metallic sulphides, especially CdS, at 320°-330°, decompose 
thiols into alkyl sulphides and hydrogen sulphide. Nitriles 
are formed when aliphatic acids and aimnonia are passed over 
AI 2 O 3 or ThOa at 500"^ *^Ld Reid, J. A. C. S., 1916, 

2128). They are also formed when secondary and tertiary 
aliphatic amines are passed over nickel at 350°-380® (Maihle^ 
C. R., 1917, 166, 557: 1918, 166, 996), hydrogen and un- 
saturated hydrocarbons being formed at the same time, or 
when esters and ammonia or aldehydes and ammonia are 
passed over ThOg at 420M40° {ibid. 1918, 166, 121, 215). 

Ketones. — Ketones can be prepared by the action of acid 
anhydrides or acids on thorium dioxide at 400"^: 

2R CO2H H CO H + CO, + H, 0 . 

Simple and mixed aliphatic ketones and mixed aromatic ali- 
phatic ketones have been prepared, the mixed ketones by 
using mixtures of two acids. Aromatic acids containing the 
carboxylic group attached to the benzene nucleus do not 
react unless mixed with an aliphatic acid, but acids of the 
type of phenylacetic do. The reaction probably consists in the 
formation of a salt and its subsequent decomposition into 
ketone, carbon dioxide and water {Senderens, Annales, 1913, 
28, 243; Pickard and Kenyon, J. C. S., 1913, 1923). Calcium or 
barium carbonate at 450^^-500° can also be used in the case 
of acetic acid {Squibb, J. A. C. S., 1895, 187). When mixed acid 
vapours are passed over Fe^Oj at 470°-480®, ketones are formed, 
more particularly from acids of the type of phenylacetic and 
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cinnamic acids {Maihh, Bull. Soc., 1014, 16, 324). Manganous 
oxide, MnO, also gives good results, e.g. 70 per cent yields. By 
this process adipic acid gives cyclopentanone (C. R., 1914, 
158, 830, 985). Tins oxide is of use for the preparation of 
acetone, as even dilute (20 per cent) solutions of acetic acid 
passed over MnO at 350*^ give theoretical yields of acetone 
(Sidgwick and Lambert, 1915). 

A mixture of an acid with an excess of formic acid passed 
over TiOg at 250^-300° yields the aldehyde, with the exception 
of acids of the benzoic type, and even better results are ob- 
tained with MnO (Sabatier and Maihle, C. R., 1912, 164, 
561; 1914, 168, 985), 

Formic acid behaves somewhat diflferently from the other 
fatty acids (Sabatier emd Maihle, C. R., 1911, 152, 1212). Finely- 
divided Pd, Pt, Ni, Cu, Cd, and ZnO or SnO decompose it into 
carbon dioxide and hydrogen. TiOg and WgOg yield water, and 
carbon monoxide, and SiOg, ZrOg, AlgOg, kc., give both re- 
actions. 

A study of the synthetical value of acetylene in the presence 
of finely-divided metallic oxides has been made by Tschitschi- 
babin (J. russ., 1915, 47, 703). Acetylene and ammonia over 
heated AlgOg, FcgOg, or CrgOg at 300'^ yield pyridine bases, 
mainly a- and y-picolines (p, 686) and 2-methy 1-3-ethyl pyridine, 
together with pyrrole and piperidine bases. Acetylene and 
hydrogen sulphide over AlgOg give thiophene, and the method 
is recommended as a commercial one. Similarly acetylene and 
water over AlgOg at 400°-425° yield furane. 


G. Other Catalysts 

Iodine. — The use of small amounts of iodine as a catalyst in 
the chlorination of acetic acid or the bromination of benzene 
(Chap, XIX, B.) has long been recognized, Knoevenagel ( J. pr., 
1914, 89, 1) finds that small amounts of iodine accelerate many 
reactions and lead to the formation of purer products. This is 
especially noticeable in (a) the formation of thiodiarylamines 
from sulphur and diarylaminc, the presence of 0-05 to 0*2 
per cent of iodine producing a marked effect; (5) the condensa- 
tion of aromatic amines with naphthols or naphthylamines; 
(c) the alkylation of primary aromatic amines, especially 
aniline and a-naphthylamine, by the direct action of alcohols; 
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(d) the condentiation of aromatic alcohols with ketones. Minute 
quantities of iodine are of value in obtaining unsaturated 
compounds by heating hydroxy compounds, e.g. unsaturatcd 
hydrocarbons from alcohols, particularly tertiary and some 
secondary, unsaturated ketones from ketonic alcohols, and 
unsaturated aldehydes from aldols. The reagent is also of 
value in condensing glycols to polyglycols (Hibbert, J. A. C. S., 
1915, 1748), or in reactions involving elimination of hydro- 
gen chloride (Desai, J. I. I. S., 1924, 235). 

Alnminium chloride. — In the Friedel-Crafts reaction (pp. 
405, 495) for the synthesis of aromatic hydrocarbons, ketones 
and di- and triphenyl-methane derivatives, aluminium chloride 
or an analogous metallic chloride is used as the condensing or 
catalytic agent. The amount of metallic chloride required 
varies considerably with the constitution of the reacting acid 
chloride and hydrocarbon. In some cases traces are sufficient, 
in others a molecular proportion or more is essential, in order 
to obtain good yields, e.g. in the preparation of ketones, and 
it is possible that the ketone as formed combines with the AlClg, 
thus removing it from the sphere of action. Aluminium chloride 
and analogous chlorides form well-defined additive compounds, 
not only with acyl chlorides but also with numerous other 
organic compounds, including hydrocarbons, e.g. SCgHg, AICI3 
and ketones, Ket, AICI3 (MenschiUkzn, Abs., 1909, i, 897; 
1911, i, 273, 532; 1912, i, 100; ii, 922; Perrier, B., 1900, 815; 
Steele, J, C. S., 1903, 1470), and it is possible that the additive 
compoimds are the reactive reagents {Boeseken, Abs., 1910, i, 
152; 1911, i, 173), but often the reactive acyl or alkyl halogen 
compounds are not those which readily yield additive com- 
pounds with metallic chlorides, and the eSect of the latter 
appears to be to produce a loosening of the halogen in the 
organic compound (Rec, trav., 1913, 1). 

Dougherty (J, A. C. 8., 1929, 576) finds that aluminium 
chloride with a mixture of two halogen compounds induces 
partial exchange of halogens. Thus AICI3 with MeCI + EtBr 
gives a mixture of the four compounds, MeCl, MeBr, EtCl and 
EtBr, also C2H4ClBr gives a mixture of CgH^Cl*, C2H4Br2 and 
C2H4ClBr. 

The activity of AICI3 is diminished by the presence of ad- 
sorbed hydrogen chloride, which is very difficult to remove, 
but enhanced by the addition of ferric chloride, although this 
alone is less active than the aluminium compound (cl Can* 
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J. Ren., 1929, 400; 1930, 31; J. A. C. S., 1930, 1365; 1932, 
290; 1935, 2584). 

The aluminium chloride catalytic process is used indus- 
trially in the following cases: (1) Manidacture of toluene from 
benzene and methyl chloride. (2) Production of compounds 
of the type of o-benzoyl benzoic acid (Chap. XXVIII) from 
aromatic hydrocarbons, benzene, naphthalene, and their sub- 
stituted derivatives. These acids are of importance as they 
readily undergo ring closure by loss of w^ater, yielding antbra- 
quinone and other more complex quinones. (3) By using 
carbonyl chloride and tertiary amines ketones of value in the 
dye industry can be prepared: 

2C5H5 NMe, -f COCl, MejN CgH^ CO C^H^ NMoa + 2HC, 

Michler’s ketone 

and this in its turn with another molecule of amine yields 
crystal violet (a triphenylmethane dye, Chap. XXX, A2). 

Phenols and arylamines react with COg in the presence of 
AICI3, FeClj, or ZnClg at 100°-200° and 40-150 atmospheres 
pressure ; thus salicylic acid and COg yield' 4 : 4' -dihydroxy 
benzophenone at 105°-110° and 70 atmospheres, or diphenyl 
ether at 200® and 120 atmospheres. 

Dimethylaniline givcvS p-dimethylamino-benzoic acid (Mor* 
gan and Pratiy C. and I., 1931, 104). 

Olefines can be used in place of alkyl chlorides in the 
Friedd-Crafts synthesis (J. A. C. S., 1927, 3142, 3150, 3157). 
The reaction proceeds very readily, and it is difficult to regulate 
the reaction so as to obtain a given product ; as a rule the pro- 
duct is a mixture of mono-, di-, and much tri -ethylbenzene. 

For use of AICI3 mixed with CuCI for synthesis of aromatic 
aldehydes see Oattermann Reaction, p. 492. 

The dynamics of the reaction have been investigated. In 
the benzoylation of anisole in the presence of SnC^ or AlClj 
the velocity is proportional to the concentration of the catalyst 
(Zeit. phys., 1904, 48, 424). 

By a study of the reaction between p-bromobenzene-sul- 
phonyl chloride and benzene in the presence of AICI3, OUviSr 
(Rec. trav., 1914, 91) draws the following conclusions: 
(1) The acyl chloride reacts solely in the form of the additive 
compound with AICI3. (2) One molecule of AICI3 cannot 
transform more than one molecule of the acyl chloride. (3) 
The reaction is unimolecular with respect to the additive com- 

( B 480 > 36 
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])oimd. (4) lu the absence of excess of AlCl^ the velocity 
constant is proportional to the concentration of the AICI 3 , 
when k is calculated for the compound C6H4Br*S02Cl, AICI 3 . 
( 5 ) The velocity is greatly increased by an excess of AICI 3 . 
These facts point to the conclusion that the acyl chloride is 
activated proportionally to the concentration of the combined 
AICI 3 (cf. Rubidge and Qua, J. A. C. 8., 1914, 732). 

In certain cases the acyl chloride may form an additive 
compound with the hydrocarbon, e.g. hexene yields 2>chlorcv 
cyclohexyl methyl ketone and this by loss of HCl gives tetra- 
hydroacetophenone {Wieland and Bet tag, B., 1922, 2246). 

When antimony chloride is used an additive compound with 
the hydrocarbon is first formed, e.g. 2SbCl3, C6II5R, which then 
reacts with the acyl chloride, e.g. benzoyl chloride, yielding an 
additive compound of the ketone and antimony chloride, which 
decomposes into its constituents at the temperature of the 
experiment; and the liberated SbClg can then react with fresh 
quantities of hydrocarbon (Menschutkin, Abs., 1914, i, 188, 673). 

Aluminium chloride in the presence of a trace of hydrogen 
chloride can cause the fission of a paraffin hydrocarbon: 

R-R' 4 IICI HCA 4 R'H. 

As a rule either MeCl or EtOl is split off from the complex 
hydrocarbon, so that with either n- or ^5o-pentane8 and ben- 
zene the following reactions occur: 

+ Call* 

+ C,H.( 

n-Ootane + C8H,< and other products. 

“Call, 0.11, + 

2:2: 3-Trimethyl pentane, CTIg-CMeg-CHMe-CHg-CHa, and 
benzene give CHg-CMeg-C^jHg -f C4H10 (J. Org,, 1938, i37). 

Phosphoric acid is used as a catalyst in the dehydration of 
alcohol to ethylene. Acetic acid (45 per cent yield) can be 
synthesized from methanol vapour and carbon monoxide in 
the presence of phosphoric acid and calcium phosphate 
(Hardy, J. C. S., 1934, 1335). 

Complex Reactions. — By using a mixed catalyst it is pos- 
sible to bring about several distinct reactions in one process. 
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One of these is the direct formation of acetone from acetylene : 

+ HgO > OH,(’H:0 CHa-COa CA CHg COJI + CjjH.OH 
and 2CH3 COJl -> (CH3)aCO -f CO* + U^O. 

The best catalyst is a mixture of reduced ferric oxide or 
metallic iron mixed with a little potassium carbonate or lime 
at a temperature of 450°. The yield is about 80 per cent, and 
the method is used commercially for producing acetone. If 
alcohol is used as starting material, the gaseous mixture con- 
tains 80 per cent of hydrogen and 20 per cent of COg. 


L. STEREOCHEMISTRY ♦ 

A. Carbon 

In preceding chapters (cf. pp. 179, 245, 286) attention has 
been drawn to the fact that compounds containing a carbon 
atom attached to four different radicals exist in two opti- 
cally active isomeric forms and that the isomerism can be 
attributed to the spatial arrangements of the atoms within 
the molecule. All natural optically active compounds and all 
common ones prepared in the laboratory, e.g. valeric, lactic, and 
malic acids, active amyl alcohol, &c., contain two or more 
carbon atoms. Pope and Read (J. C. S., 1914, 811) succeeded 
in resolving a compound with only one carbon atom (chloroio- 
domethanesul phonic acid, CHClI-SOgH) by fractional pre- 
cipitation with brucine, and in a similar manner the chloro- 
bromo acid (J. C. S., 1925, 1572). 

Resolution of Racemic Compounds. — Of the three methods 
introduced by Pasteur (Chap. X, D.) the formation of salts and 
the fractional crystallization has proved to be the most valu- 
able for the resolution of synthetic racemic compounds, and 
Pope has introduced improvements on the original method. 
Those comprise: 

1. The use of a non-ionizing solvent in order to diminish 
the risks of racemization. 

* “ Stercochemie K. Freundenberg, Leipzig, 1933. “ Stereochemie **, 

G. Goldschmidt, 1938. “ Some Aspects of Stereochemistry**, Mills, C. and 

1., 1932, 760. 
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2. The use of strong monobasic acids like camphor-sulphonio 
or bromocamphorsulphonic acid (cf. Camphor, Chap. LVII, C2). 
The salts of such acids are less liable to hydrolysis and usually 
crystallize remarkably well. They are monobasic and hence 
give rise to only one type of stable salt, whereas acids such as 
tartaric used by Pasteur can give both normal and acid salts. 

3. The use of only half of the theoretical amount of acid 
required to combine with the base to be resolved, together 
with sufficient mineral acid (usually hydrochloric) to combine 
with the other moiety of the base. With a d-sulphonio acid 
the possible compounds are: 

(a) (i-baso -f- <i-8ulphonic acid. 

(&) /-base + d-Bulphonic acid. 

(c) (/-base -h hydrochloric acid. 

{d) /-base -f hydrochloric acid. 

On cooling or evaporating the least soluble of these salts, 
either a or 6, separates, and this destroys the equilibrium and 
ultimately all the sulphonic acid separates as, say, salt (a), 
leaving in the mother liquor the Z-base as its soluble hydro- 
chloride. The separation is easy and practically complete, 
and does not entail the numerous recrystallizations required 
by the older method. 

In addition to the bases used by Pasteur, viz. the natural 
alkaloids, the following have been utilized: menthylamine, 
bornylamine and hydroxy-hydrindamine. 

The fact that a particular racemic acid can be resolved 
by a particular d-base does not mean that the racemic form 
of the same base can be readily resolved by the d or I forms 
of the particular acid, e.g. if the dBdA and dBZA are readily 
separated it does not follow that dBdA and ZBcZA can also be 
readily separated. 

Moffifications of this method are the esterification of a 
racemic acid with an optically active alcohol (Chap. X, D.) or of 
a racemic alcohol by an active acid ; or the resolution of f-alde- 
hydes by use of an active phenylhydrazine, e.g. d-amylphenyl- 
hydrazine and hydrolysis of the resulting active hydrazone. 
For separation of dl bases (primary and secondary amines) 
an optically active aldehyde can be used. 

A different method was used by Pickard and Kenyon 
(J. C. S., 1912, 620), who combined the r-alcohol, ROH, with 
the anhydride of a dibasic acid to form an acid esteii e.g. the 
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hydrogen phthalate, RO-CO*C«H 4 *CO-OH, which as a mono- 
basic acid forms two salts with an optically active base (an 
alkaloid). These can be fractionally crystallized and from 
each an optically active acid ester obtained, and on hydrolysis 
the two active alcohols. 

The biochemical method has the great disadvantage that 
only one of the active compounds can be isolated, the other 
is destroyed by the organism, and as its action on the d and I 
forms is only relative it always follows that in order to obtain 
a relatively pure d-compound not only all the Z-compound 
but some of the d-isomer is destroyed, and hence the loss is 
much greater than the theoretical 50 per cent. Dilute solutions 
have to be used, and hence large volumes of liquid are neces- 
sary to obtain appreciable amounts of active product, and as 
other enzymes are usually present a mixture of products diffi- 
cult to separate is often formed. 

An interesting case of spontaneous separation of the two 
stereo-isomers is described by Neuberg (Biochemia, 1937, 383) 
in the case of the potassium hexoatcs obtained by bacterial 
putrefaction. When kept for thirty years separation into 
crystals of d and I forms occurs. 

An extremely interesting conversion of a d-compound into 
its Z-isomeride without disturbing the attachment of the four 
atoms directly united to the asymmetric carbon atom has 
been accomplished by E. Fischer and Brauns (Abs., 1914, i, 942) 
in the case of isopropylmalonamic acid. The changes are 
represented by the following scheme, where Pr represents the 
isopropyl group: 



The change, ‘CO’NHj CO*OH, was efiected by means of 
nitrous acid, and -CO’OMe -CO'NHg by means of the 
hydrazidic acid, COgH CHPr CO-NH-NHg, which gave the 
azoimide, C 02 H*CHPr-C 0 N 8 , with nitrous acid, and this 
with ammonia the amide. The positions of the original 
•CO'NHj and *CO*OH groups were thus interchanged, and 
resulted in an optical inversion. 
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It has been pointed out already (p. 182) that in a series of 
derivatives of an active compound, C a, b, c, x, the optical 
activity persists * so long as x does not become identical with 
either a, b, or c. Fischer and Flaiau (Abs., 1909, i, 628) have 
examined the case of propylisopropylacetic acid in which two 
of the groups have the same weight, and are similar but not 
identical. They find that the synthetic acid is readily resolved 
by means of brucine, and the d~acid has fa]i) + 11-4^. 
Propylisopropylcyanoacetic acid also exists in two active 
forms. 

S3nnmetry and Optical Activity. — In the simple cases 
already discussed, viz. valeric, lactic, and tartaric acids, the 
enantiomorphous or nonsuperposable forms, which are the 
optically active forms, have been characterized by the absence 
of a plane of symmetry, and the internally compensated forms, 
e.g. mesotartaric acid and mucic acid, by the presence of a 
plane of symmetry. By the term plane of symmetry is under- 
stood a plane cutting the figure into two halves, such that 
the reflection of the one half in a mirror occupying the position 
of the dividing plane restores the missing half. This is clearly 
seen in the case of the mesotartaric acid model or projection 
III (p. 286). 

It has been assumed by many chemists that in all cases 
similar relationships hold good, namely, that the enantio- 
morphous or optically active forms are always devoid of a 
plane of symmetry and the superposable forms characterized 
by the presence of such a plane. This is not correct, as there 
are many arrangements of atoms which are not enantio- 
morphous although devoid of a plane of symmetry. 

According to Barker and Marsh (J. C. S., 1913, 838), the 
essentials for enantiomorphism, and hence for optical activity, 
are the absence of (a) a plane of symmetry, (6) a centre of 
symmetry, and (c) an alternating axis of symmetry. 

By centre of symmetry is meant a point in the middle of the 
molecule, such that a line drawn from any atom within the 
molecule to this point will meet a similar atom when produced 
in the opposite direction. By rotating the lower halves of the 
models I, II, and III on p. 286, it will be found that I and II 
have no such centre of symmetry and that III has. The 

* In some cases racemi2ation may occur in transforming the compound 
into a derivative, but in such cases die product formed can be resolved into 
optically active components. 
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relationship is seen clearly in the case of certain cyclic com- 
pounds, e.g. ethyl succinylosuccinate (p. 539), ethyl trans-2:5- 
diketocyclohcxane-l : 4-dicarboxylate (I) : 

EtOgC CO CHjj. If H CO CHas^H 

^ / 60 ,Et ^KtO.^H. CO/ 60 ,Et. 

It is clear that a line drawn from any atom (or group) 
through the point a meets a similar atom (or group) on the 
oppovsite side of the molecule. The molecule contains a centre 
of symmetry or is centrosymmetric, and hence does not exist 
in enantiomorphous forms, and the possibility of optical activity 
is precluded. The cis compound II, on the other hand, has 
no such centre of symmetry, and should exist in optically 
active forms. For the analogous case of 1 : 4-diketo-2 : 5- 
dimethylpiperazins cf. Fischer, B., 1906, 467, 3981. 

Alternating axis of symmetry , — This is best illustrated by 
reference to a tetramethylene compound containing 4 asym- 
metric carbon atoms attached to the 4 carbon atoms of the 
ring, viz. € 4114(0 a, b, 0 ) 4 , where a, b, and c are three different 
univalent radicals. In two cases these groups, a, b, c, are 
arranged in the +, and in two cases in the — order. It can 
be clearly seen by the aid of models that if any one group is 
rotated through an angle of 90® about the axis vertical to 
the plane of the 4-carbon ring, and the plane of this ring is 
regarded as a mirror, the group in question, whether H or 
C a, b, c, finds its reflection in the corresponding group below. 
The molecule as such is superposable upon its mirror image; 
the two are not enantiomorphous, and hence it should be 
impossible to resolve such a compound into optical isomerides. 

911 H 

* « C -■ (2 

6h\h 
c ' c 

HO \ OH 011^ OH 

V 

The axis perpendicular to the plane of the ring is termed an 
alternating axis of symmetry (or sometimes a quaternary 
mirror axis). This case is quite different from that of the 
ois-succinylosuccinic ester (If, above), or the ois -1 : 4-diketo- 


H +, 

c c 



c c 

H -X 

111 


CH, CH 

• CO^I 

c c 

I *^00 • nh" I 
H H 


IV 
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2 : 5-dimethylpiperaziii. In the latter case (IV) the two methyl 
groups are represented in a plane above that containing the 
piperazine ring, and the two hydrogen atoms in a correspond- 
ing plane below. Although the molecule possesses none of 
the three elements of symmetry already enumerated, it 
contains an ordinary axis of symmetry, i.e. by simply rotating 
the molecule through 180° about this axis, which is perpen- 
dicular to the ring, each atom comes into congruence with 
a similar atom, and the molecule as a whole presents the same 
aspect before and after rotation; thus the molecule is not 
absolutely asymmetric, and yet it is enantiomorphous and its 
mirror image is not su|)erposable. Two optically active forms 
should therefore exist, and E. Fiscfier has actually isolated such 
isomerides. The analogously constituted 2 : 5-dimethylpipera- 
zine (CHg in place of CO) has resisted all attempts to resolve 
it (J. C. S., 1912, 2325), An analogous case is that of the 
optically active isonitols, hexahydroxycyclohexanes (p. 487) 
(V), where the ordinary axis of symmetry lies in the plane 
containing the 6 carbon atoms. 

Several other types of enantiomorphous carbon compounds 
are worthy of notice : 


1. CYCLOPARAFFINS 

As explained in Chap. XVI a disubstituted derivative of a 
cycloparaffin can exist in two stereo-isomeric forms, viz. the 
cis and the trans, e.g, CgHio(C 02 H) 2 , cis- and <ran5-hexahydro- 
phthalic acids. As pointed out the m-compound is non-resol v- 
able, whereas the trans- is a racemic form and can be resolved. 
Various methods have been used for determining which of the 
two compounds is the ds and which the trans. The following 
are some of the more important: (1) When the two substituents 
are alike, e.g. C^Hi 0 X 2 > ^ form has a plane of symmetry, 
whereas the ^mm-compound is dissymmetric and capable of 
resolution, and when resolution can be brought about, e.g. an 
acid by means of an active alkaloid, the acid must have the 
trans configuration. (2) Ring formation by the substituents 
often gives a clue as to the configuration. In the case of di- 
basic acids with the COjH groups attached to adjacent carbon 
atoms of the ring, or even in 1 : S-positions, one acid usually 
yields an anhydride quite readily, e.g. by gentle heating, 
whereas the other is relatively stable, and if it should form an 
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aiihy(lri(le this yields the isonjeric acid on hydration. Models 
show that in the cis acid the COgH groups are so placed that 
water can be readily eliminated and an anhydride formed. 
In a few cases the trans acid can also form a definite anhydride, 
e.g. by the action of acetyl chloride, but such anhydrides are 
unstal)le and when heated tend to pass over into the isomeric 
cis anhydrides. A similar method can be adopted in the case 
of lactone formation from 1:3- or 1 : 4-hydroxy-carboxylic 
acids. The reaction with boric acid can be used for 1 : 2-cycli" 
glycols. Boric acid can react with 1 : 2-glycol8 forming spiro 
co-ordinated condensation products (Chap. XLVI, B.) of 
strongly acid properties. Only 1 : 2-glycols, where the two OH 
grou})s lie on the same side of the molecules (cf. Chap. XVI, 
p. 382), can yield such compounds, and the fact that the addition 
of the glycol to a boric acid solution increases the electric 
conductivity of the solution may be taken as a sure indication 
that the two OH groups are in m-positions. (3) Steric hin- 
drance. A comparison of the reaction velocities of the two 
compounds is often of value. Thus with the two 2-t.9opropyl- 
cyciohexane-l-ols one is esterified much more readily than 
the other, and is therefore regarded as the /ran^-compound 
as in the as-compound the isopropyl group would have a 
retarding effect on the reaction of the adjacent hydroxyl 
group with the acid. (4) From a study of the number of isomers 
obtained by the introduction of a third substituent. Trithio- 


.S-CHj. 

formaldehyde, CHg^ ^S, yields two 

^s-ch/ 

disulphoxides on further oxidation: 


stereo-isomeric 


0 

trans 




One of these yields only 1 trisulphoxide, whereas the other 
yields a mixture of two trisulphoxides ; 



( B 480 ) 
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It is clear that it is the cis disulphoxide which yields the 
mixture of a and jS and the Irans disulphoxide which yields 
the a-com pound only. 

The stereochemistry of cyclobutane derivatives has received 
attention (p. 382), and in the case of the truxillic acids, 
1 : 3-diphenylcyclobutane-2 : 4-dicarboxylic acids, the acids 
formed from cinnamic acid by additive ring synth(‘sis, 
all the live possible stereo-isomer ides, figs. 1 to 5, in wliich 
X =-- CO-OII, have been isolated. 

The configurations have been determined by means of (a) 
the formation of anilic acids resolvable into optically active 
forms (1 and 2), and (6) the facility of anhydride formation, 
i.e. the cis-positions of the carboxyl groups (2, 3 and 5). 



The following scheme represents their relationships: 

a acid anhydride of rj acid and anhydiide of y acid 
heat Ac^O I I Ac,0 t I HgO 

T? acid y acid 

hot HCl/ 

H.O 

epi acid anhydride of e acid c acid, 
hot Ac*0 Ac,0 

and the a and y acids give resolvable anilic acid, and hence 
the structure allocated to the five known acids are a = 1, 
y === 2, 7^ — 3, epi = 4, and c == 5. 

Stoermer, B., 1923, 676, 1683; 1924, 15; 1925, 2707. Of 
the six possible tniximc acids, 1 : 2-diphenylcyclo butane-3 : 4- 
dicarboxylic acids, also polymers of cinnamic acid, four have 
been actually isolated. 
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2. BENZENE AND NAPHTHALENE COMPOUNDS 


Mills and Nixon (J. C. S., 1930, 2510) claim to have ob- 
tained evidence in favour of the KekuU structure, and this is 
based on the argument that the angle a which an external 
valency makes wdth a nuclear single link is smaller than the 
angle ^ which the external valency makes with a nuclear 
double link. 



a - 109° (circa) 
p ^ 126° (circa). 


Comparing the comj^ounds hydrindene and tetrahydro- 
naphthalene, as the angle of a regular pentagon is 108° and 
that of a regular hexagon 120°, it is highly probable that 
hydrindene will have the structure I with no double link in 
the right-hand ring and tetrahydronaphthalene structure II 
with a double bond common to the two rings: 



These conclusions are supported by the following evidence: 
As a rule when bromine or a diazonium salt reacts with an 
enol the substituent becomes attached to the carbon atom 
united to the C(0H) group by the double link, e.g. R-CHg* 
C(0H):CH2 gives R CHg-CCOH) : CHBr and not R-CHBr* 
C(OH) : CHg, and similarly with the diazo-group. By analogy 
when a phenol undergoes ortho substitution with either bro- 
mine or a diazonium salt the Br or diazo-group will be attached 
to the C atom carrying the double link. When this test is applied 
to 5-hydroxy-hydrindene it is found that the product formed 
is the 6-bromo- or 6-diazo-compound indicating the presence 
of the olefine link between C atoms 5 and 6; Sidgwick and 
Springatt {ibid. 1936, 1532) arrive at the same conclusion 
from a study of the dipole moment of 6 : 6-dibromohydrindene. 
This is smaller (1*78) than that for ordinary ortho-dibromo- 
derivatives, e.g. o-dibromobenzene, 5 : 6-dibromo-o-xylene, 
6 : 7-dibromotetralin (all about 2*12), indicating the group 
•CBr: CBr* and not : CBr*CBr: . Fieser and Lothrop (J. A. C. 8., 
1936, 2050) by proving that fi-methyl-G-hydroxy-hydrindene 
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does not couple with diazonium salts, whereas the 3-methyl- 
h-hydroxy-compound couples in the normal manner support 
structure I. G-Hydroxy-tetrahydro-naphthalene gives the 5- 
and not the 7-bromo- or diazo-derivative. 

An attempt by Levine and Cole (ibid. 1932, 338) to dis- 
tinguish between the two formulae III and IV for o-xylene by 
ozonization, 



Oa 

I 


CHO CHO + 2 CH 3 *^C 0 CHO 


IV 




CH3 
~ Cila 



2CHO CHO + CH 3 CO CO CHa, 


gave no definite result as the product was a mixture of all 
three ozonolysis compounds, and o-xylene is probably a 
tautomeric mixture or a resonance form of the two possible 
structures. 

Structure of Naphthalene. — A large amount of evidence has 
been adduced in favour of the symmetrical structure I rather 
than the dissymmetric formula II. 


I 




m 



Thus there is close similarity in the properties of o-di vinyl- 
benzene and naphthalene. As the most stable form of 0 - 
divinyl benzene would be the one with all the double links 
conjugated (III), it follows that in naphthalene the two atoms 
common to the two rings are united by a double link (B., 1936, 
n5). Further support for this view is found in the behaviour 
of the 1 : 8-dialkyl-2 : 7-dihydroxy -naphthalenes. These com- 
pounds do not react with diazonium salts, as in the symmetrical 
formula the reactive hydrogen HC : C-OH has become replaced 
by alkyl, whereas in the unsymmetrical formula one such 
active group would be present (Fieser and Lothrop, J. A. C. 8., 
1935, 1459). The reactivity of j8-naphthol and /3-naphthyl- 
amine in position 1 and not in 3 also indicates a double 
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between 0 atoms 1 and 2, a single link between 2 and 3; and 
further arguments are the non-formation of a quinone from 
2 : 8-dihydroxy-naphthalene. On the other hand, dipole 
moments appear to indicate no definite fixation of bonds 
(J. C. S., 1936, 393). 

An examination of 1 : 5-dialkyl-2 : G-dihydroxy-anthracenes 
(J. A. C. S., 1936, 749) shows that these compounds do iiot 
react with diazonium salts, and hence the double links are 
between 1 and 2, 5 and 6 (IV) and not between 2 and 3, 5 
and 6 (V). 



3. THE ALLENE GROUP 


All allene derivative of the type 


N 

b 


C : C : C<^ has a dissym- 


metric molecule as the groups a and b attached to the one 
carbon atom lie in a plane perpendicular to the plane of the 
two groups a and b attached to the other terminal carbon atom 
(fig. I, p. 782), and the compound should exist in two enantio- 
morphous, optically active forms. The possibility of such 
isomerides was pointed out by van H Hoff, but several attempts 
to isolate them met with no success (cf. Laptvorih and Wechsler, 
J. C. S., 1910, 38), but Maitland and Mills (J. C. S., 1936, 987) 
obtained an optically active 1 : 3-diphenyl-l : 3-di-a-iiaphthyl- 
allene, CiQH 7 *CPh : C : CPh-CjoH,, with a m.-pt. 159° and a 
rotation [a] 54 fli -4- 437° by the asymmetric dehydration of the 
alcohol, CioH 7 -CPh:CH*C(OH)Ph*(\oH 7 , by means of an op- 
tically active catalyst, viz. d-camphor-sulphonic (1 per cent) in 
benzene solution. 

The several stages from dibenzoylmethane were: 


PhCO CHj COPh CioH7 CPh(OH) CH, COPh 

l>Nap. mag. bromide 


Ha 


CjoH, CPh : CH COPh CioH, CPh :OH-C(OH)Ph 

l*Nap. mag. bromide 


The active hydrocarbon is accompanied by appreciable 
amoimts of the r-compound melting at 224°, which is much 
less soluble than the active form. By using the 2-oamphor- 
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siilphonic acid the Z-hydrocarbon is formed. The formation 
of the hydrocarbon is probably through the ester formed 
from the active acid and the r-alcohol, viz. Ci„H,-CPh- 
(0*S02 *CioHj 50)*CH : CPh‘CioH7, followed by the dissociation 
of this into the bromocamphorsulphonate and the carbonium 

ion (CioH7-CPh*CH : CPh-Cio^^?)"^* which immediately decom- 

+ 

poses into H and the allene. 

If d-bromocamphorsulphonic acid is used the main product 
is the f-hydrocarbon. 

Another active allene derivative is tiie acid, OioH7*C'Ph : 
C. CPh'CO O CHg'COaH, carboxy-methyM : 3-diphenyl-3-naph- 
thyl-allene-l-carboxylate, obtained by resolving the racemic 
acid with brucine. 

Compounds somewhat similar to the allmie type are the 
cyc/ohexylidene derivatives, e.g. 1 - methylcyclohexylidene- 
4-acetic acid, II, in which one of the olefine links in allene is 
expanded into a 6 carbon ring. This ring like the double link 
prevents free rotation. 


I 


(") 

c 

9 



In these projections the thin lines represent bonds lying in 
the plane of the paper, thick lines bonds in a plane above that 
of the paper, and the double lines, [t and )), bonds in a plane 
below that of the paper. 

The synthetic l-methylcyclohexylidene-4-acetic acid has 
been resolved by means of brucine (Pope, Perkin, and Wallach, 
J. C, S., 1909, 1789, cf. ibid, 1510). 

The two forms have m.*pt. 53° and [a]i, ± 81°. The di- 
bromides of the active acids are also optically active as the 
C atom in the a-position to the carboxylic group has become 
a centre of dissymmetry. The activity also persists when HBr 
is removed by alkali and an a-bromo-acid, >C;CBr*C02H, 
or even when HBr and COg are eliminated and an active 
bromo-compound >C: CHBr formed. 
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An analogous compound is 4-oxiniino-cycIohexane-l-car- 
boxylic acid, III, which has been resolved by Mills and Bain 
(ibid. 1910, 1866) by means of morphine and quinine. The 
active sodium salts were obtained, but when acidified with 
hydrochloric acid an inactive acid was formed. 

The corresponding phenylhydrazones and semicarbazones 
have also been resolved (1914, 64), and other compounds of 
somewhat similar type which have been resolved are the 
pyridylhydrazone of cyclohexylene -dithiocarbonate (1923), 
IV, and o-carboxyphenylhydrazone of methyltrimethylene- 
dithiocarbonate (1931), V. 

IV I I >c:nnhc,h,n. 

CHa-CHaCH-S- 

V cHMo( )i.r. 

The acruniulation of so many cases of optically active 
compounds containing the grouping >C ; N-R is a strong argu- 
ment in favour of IJantzsch and Werner s view (this Chap., Cl) 
that w^hen a tervalent nitrogen atom is attached to carbon by 
a double link the three valencies of the nitn^gen atom do not 
lie in a single plane. 

All are readily raceraized and the group of compounds are 
less symmetric than the true allene com|)ounds which have 
an axis of symmetry. 


4. THE SPIRAN GROUP 


If both olefine links in an allene are expanded into rings 


a true spiran results, 









and with 


substituted spirans the stereochemical relationships are similar 
to those of the allene and cycfohexylidene compounds. Thus 
cyclobutanespirocyclobutane-l : I'-dicarboxylic acid, VI, and 
the corresponding diamine are resolvable (Baeker and Schurinh^ 
Rev., 1931, 921, and Janson and Pope, C. and I., 1932, 316). 
Analogous compounds with two six-membered rings (4 C and 
2 0) and with Me and CO^H or H and -CHg-NHj, attached to 
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the jp and j/ carbon atoms are also resolvable (B., 1928, 1855; 
1929, 1310). 


VI 


<c> 

H^CO.H 


H^^cojr 


c 

A 

OC— NH 

1 f 

u 

1 1 

HN CO 

+ 

N 

VIII ^ 


HNJ^^CO 

u 

0C'-»N1I 

G 





For an example with an N ion common to the two rings 
(VII) cf. Mills and Warren, J. C. S., 1925, 2507. 

Another example is spiro 5:5'-dihydTohydantom, VIII, where 
the asymmetry is due to the two sides of the ring being dif- 
ferent, e.g. NH-CO and CO’NH. It has been resolved by 
bnicine {Pope and Whitworth, P. R. S., 1931, A., 134, 357). 

Analogous to VIII is the ketodilactone of benzophenone- 
2:4:2': 4'-tetracarboxylic acid which has been re.solved by 
means of ba-phenyl-ethylamine (Mills and N odder, J. C. S., 
1921, 2094), 

CO— O 



Numerous resolvable spiro compounds are met with in 
co-ordinate chelate compounds with a quadrivalent Be, Cu, 
or Ni atom common to the two rings, e.g. : 



6. DIPHENYL DERIVATIVES* 

As stated in Chap. XXVTI the great majority of diphenyl 
derivatives can be represented by a uniplanar structure in 

* For summary cf. Adams and Yuan, Cbem. Rev., 19S3, 261. 
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which the axes of the two rings lie in a straight line, i.e. by 
coaxial and coplanar nuclei. The existence of certain isomerides 
and the formation of certain complex cyclic derivatives which 
were used as arguments in favour of a biplaiiar, e.g. Kauffier, 
formula have been shown to be illusory (Turner, J. C. S., 1920, 
lUO; 1926, 2476; 1927, 2330). 

The values of the dipole moments of 4 : 4'-disubstituted 
derivatives of diphenyl point to the uniplanar structure as 
many of these compounds — like the corresponding p-disub- 
stituted benzenes — are non-polar. The resolution of 6 : 6'- 
dinitrodiphenic acid by Kenner and others in 1921 into d- and 
/-oj)tically active forms and the subsequent resolution of 
otlier acids containing substituents in the 6 or 6 : O'-positions 
brought the configuration of these compounds again into promi- 
nence, and the view put forward to account for the phenomena 
and now generally accepted (Turner and Le Fevre, J. S. C. I., 
1926, 831; Ball and Kenyon, 864; Mills, 883, 903) is that in 
these 6- or 6 : 6'-8u})stituted derivatives of diplienic acid the 
ortho-substituents tend to push the planes of the rings apart, 
either by purely mechanical or a combination of mechanical and 
polar forces, i.e, the two nuclei are no longer coplanar and 
unrestricted free rotation about the common axis is no longer 
possible, e.g. in the case of a 6-nitro-diphenic acid the carboxylic 
group attached to the second nucleus can pass neither the 
nitro nor the carboxylic group of the first nucleus and hence 
a dissymmetric structure is formed and d- and i-isomerides 
become possible. This steric hindrance is not met with when 
substituents are in positions 3, 4 or 5. It has been foimd that 
the alkaloidal salts of acids such as 4 : 4'-diphenic acid exist in 
isomeric forms with activities due to the alkaloid and to an 
active anion ; on liberating the free acid, however, it is found 
to be inactive. This indicates that in the salt the two benzene 
nuclei are not coplanar, but become so as soon as the free acid 
is formed (J. C. S., 1922, 616; A., 1927, 466, 272). If this view 
is correct then in the types 

AX AX 

OO “■* oo 

B BY 

resolution into active forms should be possible in all cases 
where A and B are different, and X and Y are different from 
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each other although neither need necessarily be different from 
A or B. This type of isomerism, which is very similar to that 
in the allenes is due to steric hindrance and is to be found 
in other types of compounds (section 6). 

Some 30 acids (containing COgH or SOgll substituents) and 
bases (with NHg substituents) have been resolved by means 
of optically active bases, e.g. brucine or optically active acids. 
Many of these are derivatives of diphenic acid, diphenyl-2 : 
2'-dicarboxylic acid, 


S' 6' 9 t 



3' It Of 

viz. 6-nitro-, 4 : 6'-dinitro-, 4 : 6-dinitro-, 6 : 6'-dichloro-, 
6 : 6'-diuitro-, 4:4': 6-trinitro-, 6 : 6'-dimethoxy ; also deri- 
vatives of the 4 : 4'-dicarl>oxylic acid, viz. 2 : 2'-di-iodo-, 
2 : 2'-dinitro-6 : 6'-dicbloro; the pentanitro-3-carboxylic acid; 
derivatives of 3 : 3'-dicarboxyIic acid, e.g. the 2 : 2'-difluoro- 
5 : 5'-diraethyl-, and numerous derivatives of the 2-nitro-G-car- 
boxylic acid with Cl, Br, Me, NOg, OMe in 2 \ and also similar 
compounds with Me, OMe, Cl, Br in 5'. The diphenyl-2 : 2'- 
disulphonic acid and the bases 2 : 2-diraethoxyl-6 : 6'-diamino- 
diphenyl and substituted derivatives, 2 : 2'-difluoro-6 : 6'-di- 
aniino-3 : 5 : 3' : b'-tetramethyl-diphenyl and diamino-di mesityl 
HgN'CgHMe^'CgHMea-NHg- Practically all these acids when 
obtained in an active form are stable and do not readily 
racernize ; an exception is 4:6:4': 6'-tetrabromodiphenic acid, 
although it has all four ortho-positions in the diphenyl molecule 
substituted (J. C. S., 1935, 206). 

The following derivatives of diphenyl have resisted all 
attempts to resolve them: the 2 : 2'-dicarboxylic acid, 4'-nitro- 
and 4 : 4'-dinitro-diphenic acids, the monoraethyl ester of 
diphenic acid, 4-nitro-3 : 2'-dicarboxylic acid 4 : 4'-dinitro- 
2 : 3'-dicarboxylic, 4-nitro-2' : 3-dicarboxylic acid, and 5 : 5'- 
dichloro-3 : 3'-dicarboxylic acid and several other compounds 
(1928, 1913; A., 1927, 466 , 272; J. A. C. S,, 1928, 2499; 
B„ 1929, 2817). 

Between the non-resolvable compounds and the stable 
active isomerides is a group of compounds which can be re- 
solved but which are relatively unstable and racernize more 
or less readily when isolated as free acids or free bases. On 
the whole trisubstituted diphenyl racernize more readily than 
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tetrasubstitutcd compounds, altliough the character and size 
of the ortho -groups play an important part, e.g, 3:5: 3' : 
5'-tetramethyl-2 : 2'-difluoro-, 0 : 6'-diamino-diphenyl acids 
racemize readily, but th(^ base 2 : 4 : 6 : 2' : 4' : 6'-hexa- 
methyl-3 : 3'-diamino-diphenyl less readily. 

Adams and others (J. A. C. S., 1932, 4434; 1934, 1787) have 
examined the two series of compounds: 


NO, OMe NO, OMe R 



where R = II, OMe, Me, Cl, Br, NOg, and find that a sub- 
stituent in the 3' -position has a greater stabilizing effect than 
the same group in the fi'-position, perhaps due to its repulsing 
action on the methoxy group. As determined by half life the 
3'-nitro-group has some 50 times the influence of the b'-nitro- 
group. 

In some cases, where it is difficult to isolate the acid, race- 
mization can be detected by the mutarotation of the alkaloid 
salt solution. 

The base 2 : 6-dibromo-3 : 3'-diamino-4 : 4'-ditolyl can be 
partially resolved by camphor-sulphonic acid although only 
2-or^Ao-8ubstituents are present. In the 2-nitro-2-alkoxy- 
diphenyl-6-carboxylic acid, C02H-CgIl3(N02)'CgH4'0R, the 
order of racemization is OMe > OEt > OPr (J. C. S., 1935, 
1565); the 2'-methoxy group has little obstructing power; 
a comparison of F, Cl and Br in the 2'-position in the 6-nitro- 
diphenyl-2-carboxylic acid shows that the active chloro- and 
bromo-acids are relatively stable and racemize only slowly, 
whereas the fluoro-acid, as its brucine salt, racemizes rapidly. 
The fluorine atom is less effective than the methoxy group in 
preventing rotation, and it has not been found possible to 
resolve 2 : 2' : 6 : 6'-tetrafluoro-3 : 3'“dichloro-diphenyl-5 : 5'- 
(licarboxylic acid, although aU 4-ortho-positions are substi- 
tuted by P. The introduction of a substituent in position 5' 
in the 2-nitro-2'-methoxydiphenyl-6-carboxylic acid affects the 
stability of the acid and of the substituents examined, viz. 
OMe, Me, Cl, Br, NOj, the increased stabilizing effect is in the 
order given. 

A study of the relative rates of racemization of the 2 : 2'- 
dimethoxy-6 : fi'-amides of the type OMe*C3H3(CO*NRiR2)- 
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CgH«(0Me)C0-NR,R2 dven the following results (Hsinq 
and Adams, J. A. 0. S., 1936, 587). 


R, 

R, 

H 

H 

Me 

Me 

Et 

Et 

H 

Me 

H 

Et 


Half raoemization 
iu hours 
4 5 

19 5 
45 
15G 


according to which -CO-NlIj is more effective than -CO-NIIMe, 
perhaps due to the former acting in the form *0(011) :NH. 

Although diphenic acid with carboxyl groups in positions 
2 : 2' cannot be resolved, compounds like 2-(hydroxy-diphenyl- 
rnethyl)-diphenyl-2'-carboxylic acid, C02H*CQH4*C6Tl4*CPh2* 
OH; the 2 : 2'-disulphomc acid, S03H*CJf4*C6H4*S03H ♦; 
benzidine-2 : 2'-disulphonic acid, S03H‘C6H3(NH2)*C6H3(NH2)* 
SO3H ; o-(2-diphenylatQiiiophenyl)-phenyltrimethyl ammonium 
iodide, NPh2*C3H4*C^H4*NMe3l f ; 2 : 2 '-di-iodo -diphenyl - 

4r : 4'-(iicarboxylic acid, C02H*C4H3l*C3H3l*C02H, all of which 
contain only two ortho-substituents, have been resolved and 
even compounds with one large ortho -substituent can be 
resolved, e.g. AsMcgl in 2 and Br in 3' (C. and I., 1935, 19). 

A phenyl-a-naphthyl with two ortho-substituents in the 
phenyl group can be resolved, e.g. 3 : 5-dinitro-2-a-naphthyl- 
benzoic acid, C02H*C4H2(N02)2*CioH7 (J. C. 8., 1931, 1188), 
and also a derivative of aa'-dinaphthyl with one substituent 
in each naphthyl group, e.g. 1 : l'-inaphthyl-8:8'-dicarboxylic 
acid, COjH-CiX CioHe-COgH (J. A. C. S., 1931, 3104), or 
even with 1 carboxylic acid in one group, viz. the 1 : V-di- 
naphthyl-8-carboxylic acid, by means of 

brucine (B., 1932, 32), but 2-o-tolyl-diphenyl-2'-carboxylic 
cannot be resolved (1934, 2650). 

Adams and his co-workers (J. A. C. S., 1931, 374; 1932, 
1977; 1933, 1069, 4234) have shown that in compounds in 
which one or both phenyl radicals are replaced by heterocyclic 
nitrogen groups similar phenomena are observed; thus the 
compounds 


CO,HC:CMe. 


CO,HC:CMe. ^Me:C 

II >N~N< I 

HCrCMe/ N^'MerC 


•CO,H 

H 


* Ai ttrychnine hydrogen salt. f As camphor- 10-sulphonate. 
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CO,H CO,H 

yN 'v ^ N\ 

III Ph.^ \f‘h 

HO.C CO,H 


IV I >N- 
NO.-P.H,/ 


COjH 

O 


I. l-a~Carboxyphenyl-2 :5*dimethylpyrrole-3-carboxylicacid, 

II. 2:5:2': 5'-Tetramethyl-l : l'-dipyrryl*3 : S'-dicarboxylic 
acid. 

III. 2:4:2': 4'-Tetracarboxy-6 : 6'-diphenyl-3 : 3'-clipyridyl. 

IV. 9-o-Carboxyphenyl-2-iiitro-carbazole. 

One of the obstacle (ortho) groups in an optically active 
diphenic acid can be replaced by another without destroying 
the optical activity, e.g. the CO 2 H group in the active 2-nitro- 
6-methyldiphenyl-2'-carboxylic acid can be replaced by NH 2 , 
by either the Hofmann or the Curtins reaction, and the result- 
ing amine is active and the active 2 : 2'-diaDiino-6 : 6'-dimethyl- 
diphenyl can be converted into an active 2 : 2'-di-iodo- or 
2 : 2'-difluoro-compound (Bell, J. C. S., 1934, 835). 

In many cases where cyclization occurs between the 2 : 2'- 
positions the products are non-resolvable, e.g. I and II (B., 
1935, 928): 

MeOCella-CeHa— OMo CellaMeCJIjMe 

1 \ I and II \ / 

Oph.cph, n:n 

and an active 6-nitro-6'-acetaminodiphenic acid yields an 
inactive ring compound III : 

NO. CeH,- Cellj CO.H • CeHjMe. 

m \ / IV I I 

CONH NHCPhIN 


In a few cases optical activity is retained after cyclization; 
Sako (Abs., 1932, 524) has shown that the active Z-3 : 3'- 
diamino-2 : 2'-ditolyl, NH 2 *CeH 3 Me*C<jH 3 Me*NH 2 , is con- 
verted through its monobenzoyl derivate by phosphorus 
trichloride at 125"^ into a Z-2-phenyl-7 : 8-dimethyl -dipheni- 
midine, IV, and the same diamine heated with urea at 210"^ 
yields l-2-keto-7 : 8-dimcthyl-2 : S-dihydrophenimidine, V. 

MeC,H, - C,H,Me 

ilrH-co-iiH 

This may be due to the two phenyl rings being coaxial but 
not ooplanar. 
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6. OTHER CASES OF RESTRICTED ROTATION 


Other cases of restricted rotation producing dissymmetry 
and hence resolvable compounds are: 

1. 8-Nitro-l-benzene-sulphonylglycinenaphthaIene, i,e. NOg 
and •N(S 02 Ph)-CH 2 *C 02 H, in j^m-positions in the naph- 
thalene molecule, where the nitro-group interferes with the 
free rotation of the substituted 'NHg group around the axis 
attaching N to the C of the naphthalene ring {Mills and Elliott ^ 
J. C, S., 1928, 1291). 

2. Phenyl-8-carboxy-l-naphthylsulphoxide, 

(Rule and Turnery 1935, 319). 

3. 8-Substituted N-alkylquinolinium salts, e.g. VI, which 
can be resolved by a-brorao-TT-sulphonic acid when E' = Et 
or larger group. 



NRSOaPh 


4. Of the two stereo-isomeric oximes VII and VIII, a-2 
by droxy-3-carboxy-l -naphthyl methyl ketoxime, 


HOs^ 

MeC-N 

A 

y/\COH 

VII c.h/ i 

\ JC CO,H 

m 



it is only the compound VIII with the OH of the oxime vicinal 
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to the phenolic OH which can be resolved. The N -methyl 
ether IX can also be resolved, 

0 


MoC : N 


\ 

Me 


Xf 


IX 


COH 


OH 


Mills and his co-workers have succeeded in resolving certain 
substituted benzene derivatives, viz. N-acetyl-N-methyl-p- 
toluidine-3-sulphonic acid, X, by means of brucine (J. C. S., 
1937, 274), and o-(^/9-dimethyl-a-isopropyl-vinyl)-phenyl- 

trimethylammonium iodide, XI, by means of a-bromocamphor- 
sulphonic acid (ibid. 1939, 460). 



The opti<*al activity is attributed to the dissymmetry of the 
molecule due to the restricted rotation about the single bond, 
C — N in X and C — C in XI, due to the presence of the relatively 

large ortho-substituent (SO3H in X and NMcg in XI). With 
the group ‘CEtiCMej in XI resolution is not possible. 


7. DICYCLIC SYSTEMS ♦ 

It is now clearly established that saturated cyclic structures 
containing many more than 6 or 7 carbon atoms can exist 
and that many of them, when once formed, are comparatively 
stable (Chap, XXXIII). It can be shown that the strain in 
such rings can be relieved when a multiplanar configuration is 
adopted. In the case of cyclohexane the two possible con- 
fiigurations depicted by Sachse (B., 1890, 1363) are: (a) 4 

(aX / 

* Mills, Thorpe’s Die. Supp., Vol. II. 



792 


L. STEREOCHEMISTRY 


carlM)n atoms in ono plane and the two remaining carbon 
atoms JSos. 1 and 4 in a second plane (cis form); (b) 4 carbon 
atoms in one plane and then Nos. 1 and 4 respectively above 
and below tliis plane (trans form). Such arrangements neces- 
sitate the existence of many isomeric simple substituted deri- 
vatives of cyclohexane, and as these do not appear to exist, 
the uniplanar formula for the six carbon atoms is generally 
accepted. The matter is quite different, however, when con- 
densed polynuclear systems are examined, e.g. decahydro- 
naphthalene {Mohr, J. pr., 1918, [11], 98, 315). Here the 
6 carbon atoms, 2, 3, 5, 7, 8 and 10 are in one plane, and 
the atoms 1, 4, 6 and 9 in a second plane; then the two hydro- 
gen atoms attached to Nos. 5 and 10 will both lie on the same 
side of the six -carbon plane, e.g. below, and the second carbon 
plane (4 atoms) will be on the other side of the six-carbon 
plane, e.g. above; cis configuration I. On the other hand, 2, 
3, 5, 7, 8 and 10 may form one plane, 1 and 9 a second plane, 
and 4 and 6 a third plane. Then the H atom attached to No. 
10 will be on one side the six-carbon plane and H atom attached 
to No. 5 will be on the other side. Two non-resolvable stereo- 
isomeric decahydronaphthalenes, decalins, corresponding with 
the formulae I and II are therefore possible, 



Such pairs of stereoisomerides have actually been isolated: 
cis and fran^-hexahydrohomophthalic acid anhydrides (CO 
in 2 and 4 and 0 in 3); two 2-ketodecahydronaphthalenes, 
decalones (CO in 2), and two decalins. 
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The two decalins (Huchel^ A., 1925, 441; B., 1925, 1449) 
are best formed by the reduction of the and ^ran^-jS-deca- 
lones by amalgamated zinc and hydrochloric acid, but can 
also be obtained by careful fractionation of the decalin ob- 
tained from naphthalene (B., 1924, 683, 1639). They differ 
appreciably in physical properties, e.g. m.-pt. —51°, —36°; 
b.-pt. 193°, 185°; 0*896, 0*871; 1*481, 1*470. Heats of 

combustion 1500, 1495 cals. /mol. (The first number given is 
for the cis and the second for the irans.) 

On the whole the a^-compounds are less stable than the 
trans-y e.g. AiClg at room temperature isomerizes the m-com- 
pound. The cis and tram configuration follows from this 
relationship to the decalones, and the configuration of these 
follows from the products of oxidation; both ketones yield 
two ortho-substituted acids derived from cyclohexane, viz. 
COjH-CeHio-CHaCHgCOJT and CeniolCHg-COgH)^, but in 
the one case the ds forma are obtained and in the other the 
tranSy indicating respectively the cis- and ^runtS-positions of the 
two tertiary hydrogens in the two decalones. 

The same type of isomerism is met with whenever two cyclo- 
parafFin rings are fused so that they have two rings in 
common, and is usually referred to as cis- and ^ran^-decalin 
fusion (cf. Chap. LXII). 

By the introduction of a substituent X into the decalin 
molecule, e.g. in position 2 four optically inactive forms, viz: 

(i) X in position 2, cw to both H No. 5 and H No. 10. 

(ii) X in position 2, irans to both H No. 5 and H No. 10. 

(iii) X in position 2, ds to H No. 5 and trans to H No. 10. 

(iv) X in position 2, trans to H No. 5 and m to H No. 10. 


Kay and Stewart (J. C. S., 1926, 3038) have isolated 3 of 
the 4 possible decahydronaphthoamides with (*CO*NH 2 ) in 
position 2. They melt respectively at 139°, 165° and 195°. 

HiicJcd (A., 1927, 451, 109; 1933, 602, 99) has isolated all 
four possible 2-hydroxy- and 2-amino-decahydronaphthalenes 
by the reduction of the two )8-decalones and their oximes 
respectively. 

Numerous octalins (one olefine link) have also been pre- 
pared, including the A^, A*, A^^®^ and A* (A,, 1929, 424, 121; 
477, 99; 1933, 502, 136), and their structures established by 
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ozonolysis. The and A^-octalins (respectively I and II) are 


1 



4 


interesting as they form an exception to Brediss rule that 
olefine links do not as a rule occur at bridge-heads. The A^^^^ 
compound on ozonization yields y-2-ketocycZohexylbutyric 
acid, III, and on further oxidation S-ketosebacic acid, COgH* 
(CH2)4*C0-(CH2)3*C02H. The Ai<»> hydrocarbon is stable, is 
without strain, and gives a normal heat of combustion. The 
A®-compound on ozonolysis yields cyclodecane-l : 6-dione, IV : 


III 




=0 


IV 




The method of ozonolysis is of value for determining the 
position of the double bond in the other octalins. 

By the fusion of a 6 and a 5 carbon ring a compound 
hyd^dane (hexahydrohydrindene), I, and such a compound 
shows the cis-trans types of fusion (B., 1923, 91; A., 1933, 
505, 2714; B., 1934, 2104; J. C. S., 1934, 946), and similarly 

I Oellio< /'OH, II Cell/ >CO 


with hexahydro-/S-hydrindone, 11. In the latter case the com- 
pounds are formed respectively by the condensation of ethyl cis~ 
and trans-cyclo-hexsine'l : 2-diacetate8 with sodium ethoxide 
(A., 1926, 451, 132). ‘ When reduced the cis-ketone yields a 
pair of meso (inactive) alcohols, whereas the iran^-compound 
gives a racemic alcohol. 

The cis form of the ketone is more stable than the trans, 
a result which cannot readily be reconciled with the tetra- 
hedral conception of certain valencies. 

Numerous other types of 6, 5 fused rings are known, e.g. 
anhydride of hexahydrophthalic acid, III, anhydride of cyclo- 
pentane-l-carboxylic-2-acetic acid, IV (J. C. S., 1934, 956), 
and, V, the 


III CeHj 



0 


IV C5H 


XTIjs-CO 


V 
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product formed hy the condensation of acetone with cych- 
hexylcne glycol. In all these cases the stability agrees with 
the requirements of the tetrahedral theory. 

With five-five dicyclic systems the cis form is nearly strain- 
less and more stable than the trans (cf. Linstmd and Cooky 
J. C. S., 1934, 935), viz. VI and VII: 



OIL 


> 0-H, " 


CH/ 

.00, H 

XX> „ 

0 , 11 / 

•> OJh 


CM,, 


Quinoline can also give rise to a cis and trans decahydfo- 
derivative (A., 1927, 453, 163) and similarly tetrahydrocar- 
bazoles (J. C. S., 1927, 2676). Perkin and Sedgwick (J. C. S., 
1924, 2437; 1926, 438, cf. A., 1927, 465, 171) have obtained 
4 optically active tetrahvdroacridines. For other cases see 
J. C. S., 1928, 639, 2583; *'1929, 1861, 1975. 

For enumeration of the number of isomeric forms of certain 
hydrogenated polynuclear systems see Ingold, Rep., 1924, 94. 

Additive Compounds of Maleic Anhydride and Dienes. — Alder 
and Stsin (A., 1934, 614, 1, 197, 211; 1935, 615, 165, 185; 
1936, 625, 183) have dealt with the stereochemistry of the 
additive compounds of maleic anhydride with eyeZo-pentadiene 
and related reactions {Diels-Alder reaction). 

By the addition of the anhydride the diene is converted into 
a c^eZopentene with a bridge of 2 C atoms (or it may be re- 
garded as a cychhaxene with a CHg bridge). The dicycUc 
system is non-planar. In the hexene ring 4 C atoms (1, 2, 5, 6) 
lie in one plane, two (3, 4) in a different plane, and the bridge 
CHj (7) in a plane above the two planes. The carboxylic groups 



9 


will be cw to one another, and either both directed towards 
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the CII 2 bridge (Exo form) or both away from the bridge 
(Endo form). 




emio 


They show that the addition product is the Endo com- 
pound by the following series of reactions. By the action of 
aqueous bromine on the additive compound a product with 
Br and OH attached to the olefine link results. With acetyl 
chloride this loses water, giving the monolactone, I, which with 
alcoholic alkali gives the dilactone, 11. 




In a similar manner it was shown that the addition of 
maleic anhydride to methyl cycZopentadiene-l-carboxylate 
takes place giving the Endo products only. (For summary 
cf. Eep., 1936, pp. 238-245.) 

Stability of Dicyclic Systems (Huckel, 1927).*— (1) Two 
five-membered rings can be fused by as-valencies to yield a 
strain-free rigid structure containing two inclined planar rings, 
whereas fusion by trows-valencies gives a rigid strained multi- 
planar structure in which the minimum strain is almost e(jual 
to that of the camphor system. (2) Two six-membered rings 
can be joined by either cis- or ^mrw- valencies to yield strain- 
less multiplanar structures, the cis form being mobile and the 
tram comparatively rigid. (3) A five-membered ring can be 
fused to a six-member^ ring by cis-valencies to give a strain- 
less structure. Tram linking of these rings gives a strained 
multiplanar structure in which the minimum strain is about 
half that given by the tram linking of two five-membered rings. 

^Cf. UntUadf Rep., 1935, 306. 
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The relative strains in a pair of isomers can be determined: 

(1) By the composition of the equilibrium mixture of the two 
under given conditions, as the greater the strain the greater 
the readiness to pass over into the less strained isomer. 

(2) A more exact method is from the relative heats of com- 
bustion and hence of heats of formation, but here it is found 
that as a rule a m-compound has a heat of combustion of 
about 2 Kg, cal. as compared with its trans isomer quite 
independent of relative strains. For the decalins the difference 
in heats of combustion of the two is (trans — ds —4*7 
Kg. cal.), for jS-hydrindanones —1*1, for hydrindanes 

and for bic^/cZooctanes +6*1. 

For strains in certain bridged systems cf. Alder and Stein, 
B., 1934, 613. 



Bridged rings with 3 atoms common to both rings. 

The commonest type is camphane of the 1:2:2 type 


/ 

(Chap. LVII, C.), i.e. two cycZopentane rings with three C 
atoms common to both. Such systems exhibit considerable 
strain and hence have high energy content as shown by their 
abnormally high heats of combustion. 

On the other hand, a compound of the 1:3:3 type, e.g. 
bicyclononadionc is quite stable, 

(’0 

CH* CH, C H, 

CO • CH • CH, 

(A., 1913, 898, 169), and is readily formed from formaldehyde 
and ethyl malonate. 

Mnltinuclear Compounds. — ^Most multinuclear compounds, 
e.g. naphthalene, anthracene, phenanthrene, &c., have planar 
configurations, whereas pure fluorene (Chap. XXVIII), obtained 
from fluorenoneoxime, when subjected to X-ray crystallographic 
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examination, shows a non-planar molecule (Cook and I ball, 
C. and I,, 1936, 467), and in all probability the planes of the 
six-membered rings are inclined at an angle of 20^ to that of 
the five-membered ring and at an angle of 40"^ to each other. 


8. STEREOCHEMISTRY OF OLEFINE DERIVATIVES 

Compounds of the types abCrCab or abCiCde exist in cis 
and trans forms which are inactive and relatively stable, but 
under the influence of traces of halogen and of sunlight the 
more labile is converted into the more stable form (Chap. X, B,). 
Berthoud (J. Chem. phys., 1927, 213; 1928, 40; 1930, 290), 
by a study of the rate of the conversion of aWo-cianamic into 
cinnamic acid by exposure of benzene solutions containing a 
trace of bromine or iodine as catalyst to ultra-violet light, has 
shown: (1) Under constant illumination the trans formation 
is directly proportional to the concentration of the allo-acid. 

(2) The rate varies as the square root of the intensity of the 
light, indicating that each quantum of light absorbed must 
produce two active atoms, e.g. Brg -> 2Br. 

hr 

i I ! 

a ' C • b a, " ' h a • C • b a • C • b 

i, + Br --> I - I ■+ Br | 

a • C • b a • C * b fice b • C • a b • C • a 

j rotation j j 

Br Br Br 

(3) When the light is completely absorbed the rate is inde- 
pendent of the concentration of the catalyst since the concen- 
tration of halogen atoms is limited by the amount of light 
absorbed. When more light energy is available than can be 
absorbed, the rate of transformation is proportional to the 
square root of the catalyst concentration since the number of 
molecules activated is proportional to the total concentration 
of the catalyst and each activated molecule supplies two active 
atoms. The reaction is an example of a ‘‘ chain reaction 
(cf. Chap. LI, B, and LX, Cl). 

Other cases, e.g. a-phenyl-cinnamonitrile, PhCH:CPh-CN, 
are more complex. 

It is claimed that this concept accounts for the trans addition 
of bromine during bromination. After the addition of one 
atom of bromine, the most favoured configuration is assumed 
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and finally the second atom of bromine is added, and whether 
cis or trans addition occurs depends entirely on the stable 
configuration of monobrom addition product. 


B. Silicon 

Silicon is the element most closely allied to carbon, and 
hence numerous attempts have been made to prepare optically 
active silicon compounds containing an asymmetric silicon 
atom, and Kij^ping and his co-workers have achieved this 
in several cases, e.g. ethyl-propyl-henzyl-phenyl-silicane (J. C. S., 
1907, 209), 

from silicon tetrachloride SiCl 4 by stepwise replacement of Cl 
by alkyl groups with the aid of the Grignard compounds 
EtMgBr, PhMgBr, PiMgBr, and CeHs^CH^-MgBr. 

On sulphonation benzene is eliminated and the disulphonic 
acid, 

S 0 gH<^Jl 4 CHj- 8 iKtPr 0 - 8 iEtf»r-CH,C«H 4 S 03 H, 

sulphobenzylethylpropylsilicyl oxide formed. As this com- 
pound contains two similar asymmetric silicon atoms, it should 
give the same number of stereoisomerides as tartaric acid 
(p. 286), One of the acids was shown to be a d-i-compound, 
and its salt with the active base, d-methylhydrindaraine was 
resolved into its optically active components when repeatedly 
crystallized from acetone or aqueous methyl alcohol. The 
two acids have extremely low rotatory powers, e.g. [aju ± 3° 
to 4®. Similar active compounds containing an isobutyl 
in place of the propyl group have been obtained; they have 
[a]p ± 10'5°. And a compound with a single asymmetric 
silicon atom has been isolated, e.g. ethylpropyidibenssylsili- 
canemonosolpbonic acid, 

CHjPhSiEtPrCHjCeH^SOjH, 

which can be resolved into active components by means of 
brucine (J, C. S., 1910, 755). Most of the active silicon deri- 
vatives are characterized by the close similarity between the 
active and racemic forms and by the low rotatory powers, so 
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that it is difficult to say, in certain cases, whether resolution 
has been effected or not. 

Probably other quadrivalent elements of group IV could 
yield asymmetric compounds. In the case of lead a com- 
pound PbMeEtPrBu has been isolated, but so far no optically 
active derivatives have been prepared (GriUtner and Krause^ 
B., 1917, 202). Further, the four groups may be introduced 
in different order, but the final product is the same, thus indi- 
cating the equivalence of the four valencies. 


C. Nitrogen 

I. Tervalent Nitrogen Compounds. — No optical activity has 
been met with in compounds of the type N a, b, c, and all 
attempts to resolve such compounds have proved fruitless. 
J ernes and Millington have attempted to resolve benzyl-phenyl- 
hydrazine by means of d-camphor-sulphonic acid, and to 
resolve methylethylanibne-snlphonic acid by means of 
brucine. Other chemists (Krafft, Behrend and Konig, Laden- 
burg) have attempted to resolve benzyl-ethyl-amine, p-tolyl- 
hydrazine, )3-benzyl-hydroxylamine, methyl-aniline, and tetra- 
hydroquinoline by means of d-tartaric acid. 

Ki'Pfing and Solway (J. C. S., 1904, 438) have adopted the 
method of treating a secondary amine with a racemic acid 
chloride, namely, d-Z-benzylmethylacetyl chloride, CHMeBz* 
COCl, and examining the substituted acid amide formed. 
With a true d-Z-base, the following compounds should be 
formed: dB dA, IB ZA, dB ZA, ZB dA, of which 1 and 2 form 
an enantiomorphously related pair, and 3 and 4 a similar pair. 
Thus the complete product would be a mixture of two racemic 
substituted acid amides. Experiments conducted with methyl- 
aniline, 2 ?-toluidine, phenyl-hydrazine, and benzyl-aniline gave 
a homogeneous product in each case. Similarly, when p- 
toluidine and benzyl-aniline are condensed with d-methyl- 
benzylacetyl chloride, no indication of the formation of iso- 
merides is met with. 

An analogous method, using d-hydroxymethylene camphor, 

CgHj4 



which reacts with secondary amines, giving 
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compounds containing the group iCH NR^R^ instead of 
:CH-OH, has been used by Pope and Read (J. C. S., 1909, 
171; 1912,2334). 

The general conclusion to be drawn is that the centres of 
gravity of the three radicals, and also of the nitrogen atom 
itself, lie in a single plane, and the whole arrangement is the 
most symmetrical one possible. 

On the other hand dipole moments and infra-red absorption 
spectra point to a non-planar distribution of the three 
valencies in ammonia compounds, and the failure to obtain 
resolution of such compounds may be due to the readiness 
with which a molecule Nabc undergoes optical inversion. 

Dipole measurements indicate that the molecule of hydra- 
zine is not planar but that the two H atoms attached to 
one N lie in a plane difierent from the one containing the other 
pair of hydrogen atoms (Trans. Far., 1934, 898), and hence 
disubstituted derivatives should exhibit stereo-isomerism (B., 
1935, 1677). 

Stereochemistry of Oximes. — The view put forward by 
Hantzsch and Werner in 1890 that the pairs of oximes derived 
from an aldehyde or an unsymmetrical aromatic ketone are 
stereo-isomeric in much the same manner as certain olefine 


compounds * is still generally supported, although when intro- 
duced it was bitterly attacked, and more recently attempts 
have been made by Atack (J. C, 8., 1921, 1175) to represent 
such pairs as structurally isomeric, e.g. three definite entities, 


RR'C:N*OH, oxime proper; 
RR'C :NH : 0 nitrone. 



The reasons for retaining the stereochemical formulae are: 
(1 ) No purely structural formula can account for the failure to 
obtain two isomeric oximes from a symmetrical ketone, (2) The 
stereochemical theory is the only one which will account for 
the formation of two isomeric methyl ethers, which im- 
doubtedly exist (cf. Brady and Dunn, J. C. S., 1924, 291). 
(3) The formation of an optically active oxime {Mills and Bain, 


• The third valency of the nitrogen atom lies in a plane different from that 
of the ’N and the OH of the : N*UH group can have two different positions, 
giving rise to the two stereoinomerides represented by the projections 

ROM RCH 

•• and 

Null HUN 


( a 4S0 ) 


27 
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1910, 1866) of ryclobexanone-4-carboxylic acid (this Chap., A3), 

N(;:noh 

CO^H VlUClIa- 

Such stereochemical formulae do not admit of the forma- 
tion of N-ethers which have been proved to exist, and hence 
the possibility of structural as well as stereo-isomerism must be 
admitted. The case of the oximes of p-nitrobenzophenone 
has been studied in detail {Brady and MeJitUy 1924, 587). Two 
oximes are known: (a) m.-pt. 158° and (6) m.-pt. 115°, two 0- 
ethers melting at 93° and 96°, and two N-ethers melting at 
147° and 176° are also known. Compound (a) gives the 93° 
and 147° ethers, and compound (b) the 96°, 147°, and 176° 
ethers. 

It is now generally accepted that the two forms frequently 
isolated are stereoisomerides 1 and 2, but that each of these 
can react in tautomeric forms, viz. 3 or 4 which again are 
stereo-isomeric. These latter forms, nitrone forms, as a rule 
cannot be isolated except as ethers. The third structural isomer, 
viz. iso-oxime, with a cyclic structure is a mobile tautomeric 
form of the nitrone or oxime structure (cf. Brady and Dunn^ 
1916, 659; Plowman and Whiteley, 1924, 587; GriffitJis and 
IngoUy 1925, 1698). 

R C H • > R C H R C'H R C H 

(1) II (3) !1 (2) 1! (4) II 

N OH ^ nh:o HO N o:nh 

Meisenheimer, Lange and Lamparter, A., 1925, 444, 94, 
have actually isolated four distinct p-methoxybenzil-mon- 
oximes. 

Determination of Configuration .f — The method adopted by 
Hantzsch in the case of aldoximes was to treat the two iso- 
merides with acetyl chloride, the one which readily lost water 
yielding a nitrile (-CHiN-OH *0 ;N) was given the syn or 
ds configuration 1, and the one which yielded a stable acetyl 
derivative was given the anti or trans configuration 2. 

Again, in the case of stereo-isomeric ketoximes an examina- 
tion was made of the products formed by the Beckmann 
transformation under the influence of acetyl chloride. It was 


•OrR'. 


t Becknuinn Rearrangement, Chem. Rev., 1933, 215. 
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assumed that in this transformation cis exchange of groups 
occurs, e.g.: 

CeH,*C-OH CeH,C : O 

1 II II I 

NOII NC^H^CH* NHCeH.CH, 

and 

H0 (>C,H4 CH8 CO CeH4 CHa 

2 tj I -^1 

HON C'oWaNH Cell^NH 

the isomer which yields the toluidide of benzoic acid would 
have configuration 1, and the one yielding the anilide of toluic 
acid configuration 2. 

Both these methods have been abandoned as reliable tests 
for configurations. It has been pointed out that they are based 
entirely on the idea of cis elimination and cis exchange. It has 
been proved beyond doubt that frequently in passing from an 
olefine derivative to an acetylene trans elimination occurs 
(p. 282), and similarly trans addition to an acetylene compound 
often occurs. It is now generally accepted that in nitrile for- 
mation from an oxime trans elimination takes place, and that 
in the Beclcmann transformation trans exchange is the rule. 
This change of view has been largely brought about by a study 
of the relationships of oximes to cyclic structures, more par- 
ticularly the benzi5ooxazoIes. Meisenheimer (B., 1921, 3206) 
was able to show that the fission of triphenyisooxazole (1) 
with ozone gives a benzoyl derivative of benzil monoxime (2) ; 
and the oxime itself (3) subjected to the Beckmann rearrange- 
ment gives C^jHg’NH-CO'CO'CgHg 

PhC CPh PhC’COPh 

(1) 11 i (2) II 

NOCPh NOCOPh 

HOCCOPh 

I! 

NPh 

Again, with the o-chloro- and o-bromo-benzophenone oximes 
(B., 1924, 289) the compounds (1) which readily lose halogen 
hydracid yielding benztsooxazole (2) are those which yield 
anilides of o-chloro- and o-bromo-benzoic acid (3). 

an^CPh C^H^BrCPh 

m I II ^ (1) II (3) I 

6 HON PhHN 


PhCCOPh 
(3) 11 

NOH 

PhNHCO'COPh 
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A similar argument can be used in the case of 2-chloro-5* 
nitrobenzaldoxime, the form 



which yields the nitrobenztVooxazole is the one in which H 
and OH are in tram- or un^i-positions, i.e. the H of the OH and 
Cl of the benzene ring are vicinal. (For examples and discus- 
sion cf. Brady and Bishop, J. C. S., 1925, 1357; Beckmann, 
Liesch and Correns, B., 1923, 341; Auwers and OUens, 1924, 
446.) 

Brady and McHugh (1925, 2414) have examined the inter- 
conversion of the geometrical isomerides by acylating 16 
aldoximes with 8 different acylating agents, and suggest 
that the change of configuration of one oxime into the other 
can be best accounted for by assuming the intervention of the 
nitrone form and the addition of the acylating agent, e.g. 
CHa-CO-Cl, to this form in two different ways: 


RCH 

li 

NOH 


RCH 


!{ 

nh:o 


R-OH 

|( yX R-C-H 

NH< 11 

^OAc NOAo 



'NHOAc 


AcO-N 


x=-a 


For conductivities of stereo-isomeric oximes see Bradys J. C. S., 
1929, 946, and for ether formation, 1926, 2403; 1929, 2271. 
The formulse, 

PhCCOPh PhCCOPh 

a II and j8 II \ 

HON N-OH, 

for the benzil monoximes melting respectively at 134** and 113® 
based on the study of iso-oxazole formation have been recently 
confirmed by a study of physical properties, e.g. solubility and 
volatility {Taylor and Ewebank^ J. C. S., 1926, 2818). Hi the 
jS-compound probably there is a co-ordinate link between 0 
of CO and H of OH {cf. Sidgwick, 1925, 907). 

The phenylhydrazones derived from unsymmetrioal ketones 



QTJINQUEVALENT NITROGEN COMPOUNDS 


805 


often cxint in two forms which are generally regarded as 
stereo-isomeric in the same manner as a pair of oximes, the 
:N-NHPh replacing the :N*OH grouping. The determination 
of configuration is again usually based on the ease with which 
ring closure can occur. The method was first used by Foster 
and Zimmerli (J. C. S., 1910, 2156) for camphorquinone phenyl- 
hydrazones and semicarbazones: 

NHX 

1 

.c:n x;:n 

a J and jS CgHj/ | 

xio CO NHX 


as the /S-compouiids, e.g. semicarbazone where X = -CO-NHg 

.C:N-NH 

readily form a cyclic oxytriazine, C 8 Hi 4 (^ | | 

^C:N*CO. 

A similar method has been used in other cases (cf. Busch 
and others, B., 1924, 1783). 

The compound 

CH *Sv 

CHMo/ ‘ >C : NNHC,H,CO,H 
is also resolvable. 

Azobenzene (Chap. XXII, C.) exists in two stereo-isomeric 
forms, the ordinary compound, b.-pt. 68°, is the trans form I and 
a new compound, m.“pt. 71°-74°, is the m-compound II, 


I CeH^ N^ 


NC.I4 


II C^H, 


/ 


N-^^N 




Both have same molecular weight, but the ds has a distinct 
dipole moment and is more soluble. An equilibrium mixture of 
the two is formed on exposing solutions to light, and the com- 
position of the equilibrium mixture varies from 15-40 per cent 
of according to the solvent (J. C. 8,, 1938, 633; 1939, 232). 

Qninqnevalent Nitrogen Compounds. — (For formation see 
pp. 116, 441.) The most interesting type of compound is 
that in which all five radicals are different, e.g. N a, b, c, d, X. 
These compounds are quaternary ammonium salts, in which 
four of the radicals are alkyl groups, and the fifth an acid 
group. No cases of inactive isomerides have been met wdth. 
An example described by Wedddnd, viz. methylallylphenyl- 
benzylammonium iodide, has been shown by H. 0. Jone$ 
(J. cf. S., 1905, 1721) to be non-existent. 



806 


L. STEREOCHEMISTRY 


The only known examples of stereoisomerides are the 
optically active modifications in which compounds of the 
type methylethylpropylisobutylammonium chloride, N(CH 3 ) 
(C2H5)(C3H7)(C4H9)C1, exist. This type of compound is 
always obtained in an inactive form when synthesized in the 
laboratory by the addition of an alkyl haloid to a tertiary 
amine. In 1891 Le Bel claimed to have obtained a Iwvo-modi- 
fication by means of Penicillium glaucum (green mould), and in 
1899 he confirmed this result. In the same year Pope and 
Peachey (J. C. S., 1899, 1127) obtained a resolution of Wede- 
kind's benzylphenylallylmethylammoniumiodide by the aid of 
silver d-camphor-sulphonate. 

When the mixture of benzylphenylallylmethylammonium 
d-camphor-sulphonates is crystallized from acetone, a sparingly 
soluble fraction is obtained, and this, when treated with 
potassium iodide, yields an optically active iodide, N(C 7 H 7 ) 
(CeH,)(C 3 H 6 )(CH 3 )I, with [M]^ + 192^ 

H, 0. Jones (J. C. 8., 1903, 1418; 1904, 223) resolved phenyl- 
benzylmethylethylammonium iodide and phenylmethylethyl- 
allylammonium iodide by means of silver d-bromo-camphor- 
sulphonate, and also observed that many of these salts show 
a tendency to undergo racemization. During the fractional 
crystallization of the salts it is advisable to keep the tem- 
perature as low as possible. Auto-racemization (p. 294) occurs 
when the cold chloroform solutions are kept in the dark, a 
phenomenon also observed by Pope and Harvey (J. C. S., 1901 , 
828) with other optically active ammonium salts, and probably 
due to a partial dissociation of the quaternary ammonium salt 
into tertiary amine and alkyl iodide and subsequent recom- 
bination. 

Quinquevalent nitrogen derivatives of the type NugbcX, 
e.g. phenylallyldimethylammonium iodide, phenyldipropyl- 
methylammonium iodide, &c., do not exist in isomeric modi- 
fications, and attempts to resolve such compounds into optically 
active components have given negative results (J. C. 8., 1897, 
522; 1903, 1141, 1406; 1904, 412). Aschan (Zeit. phys. 1903, 
46 , 304) has prepared isomeric spiran nitrogen compounds 
containing two quinquevalent nitrogen atoms, viz.: 




CHj'CHgCH 
€H 
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The one compound is formed by the union of ethylene-di- 
peridide with trimethylene bromide, and the other by the 
combination of trimethylene-diperidide with ethylene bromide. 
This isomerism can be accounted for if the bromine atoms and 
the central ring lie in one plane and the other rings in a plane 
at right angles to the first. 

Similar compounds containing one nitrogen atom, 

/CHMeCH,. 

OeH,< >N(Br)< \CH., 

CH/ '^CHPhCH/ 

exist in two forms {Scholz; B., 1910, 2121), and the compound 
CHPhs yN/ /’HCOjjEt, 

4-phenyl-4'-carbethoxy-bi8piperidinium-l : T-spiran, is also 
resolvable (1935). 

Methylethylaniline oxide, NPhMeEtO, has been resolved into 
active modifications by means of bromocamphorsulphonic acid. 
The base itself, probably NPhMeEt(OH) 2 , has — 25® 
{MeiBenheimer, A., 1911, 385, 117). 

The compound, I-NMeEtPh-CH^-CHg-CHa-NMeEtPhl, 
containing two similar asymmetric nitrogen atoms, like 
tartaric acid, exists in two inactive forms but so far neither 
has been resolved into active components. The compound, 
PNMePh(C 3 H 5 )*CH 2 CHo*CH 2 -NMePhBz*I, contains two dis- 
similar asymmetric nitrogen atoms, and should resemble 
cinnamic acid dibromide, and exist in two pairs of enantio- 
morphous compounds. In reality two inactive forms have 
been isolated, but so far both have resisted all attempts at 
resolution {Wedekindy B., 1910, 2707; 1916, 942). When an 
asymmetric nitrogen atom is introduced into an active com- 
pound already containing an asymmetric carbon atom, two 
active stereoisomerides, which are not optical antipodes, are 
formed, just as two products are formed when a new asym- 
metric carbon atom is introduced into an optically active 
carbon compound. 

An interesting case of the existence of four stereo-isomeric 
compounxis of the type, abC:N*N;Ccd, has been demon- 
strated, vk. with the compound, CHPh;N-N:C(SMe)-S*CH, 
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•C 6 H 4 -NOa {Busch, J. pr., 1916, 93, 25). Tlie four possibili- 
ties are: 

N N N N N N N N 

aCb cCd bCa cCd aCb dO-c bCa dC-o 

Meisenheimer (A., 1913, 397, 273) claims to have proved 
the non-equivalence of the five valencies of the quinquevalent 
nitrogen atom by the following series of reactions, starting 
with trimethylamine oxide (p. 123): 



RI 

/OR 

NaOH 


/OR 

1. McaNIO 

-► 



Me,N< 

^OH; 


HCl 

/OU 

Me,N<^ 

NaOR 


/OH 

2. MeaN;0 

— ► 


Me,'N< 

^-OR. 


As far as could be ascertained, the final products in the two 
reactions were not identical but isomeric, as the solution of 
the first compound when evaporated yielded trimethylamine, 
an aldehyde, and water, whereas the product from the second 
series of reactions under similar treatment gave trimethyl- 
amine oxide and the alcohol R-OH. In a similar manner 

.OR 

isomeric compounds NMe 3 (; have been prepared by the 

^ORi 

following series of reactions: 


.OR 

NaORi 


/OR 

1. MeaNIO + RI -> Mc»N/ 

— ► 

Me,N< 

''OR*; 

/ORi 

NaOR 


/OR* 

2. Me3N:0 + RH Me,N< 


Me,N< 

^OR. 


Compare also A., 1913, 899, 366, 371, 377. 

Various suggestions for the spatial arrangement of the five 
groups around the quinquevalent nitrogen atom have been 
made, e.g. Bischqff represented the nitrogen at the centre of 
a pyramid on a rectangular base with the 5 groups at the 
solid angles, and Willgerodt, a similar arrangement but with 
a double pyramid on a triangular base. The recognition of 
ions and their existence even in the crystalline state as demon- 
strated by X^ray analysis has afforded a simple explanation 
of the stereochemistry of quinquevalent nitrogen. 
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It is the ammonium cation, with its four alkyl or substituted 
alkyl groups, which exhibits activity, and it is now generally 
recognized that the spatial arrangements of such an ion are 
tetrahedral just as in the case of quadrivalent carbon, and this 
arrangement was first suggested by H. 0. Jones and Dun- 
lop (J. C. S., 1912, 101, 1751; cf. Meisenheimer, A., 1913, 397, 
300; Komatsu, Abs., 1918, i, 426; Neogi, J. A. C. S., 1919, 622), 

Such a tetrahedral arrangement is in complete harmony with 
the following results, which have been established by experi- 
ment : 

1. The non-equivalence of the fifth valency. 

2. The non-existence of isomerides of the types NagbX and 
NagbcX. 

3. The existence of two enantiomorphous isomerides 
NabcdX. 

4. The existence of four active isomerides of the type 
Cabc-NabcX. 

5. The existence of 4-phenyl-l -methyl-1 -ethylpiperidunium 
iodide or generally of salts derived from the ion 

CHli< >NR'R" 

XJHjCH/ 

in two non-resolvable stereo -isomeric (cis and trans) forma 
(Mills, Parkin and Ward, J. C. S., 1927, 2613, cf. 1925, 2507). 
If the ammonium ion has the tetrahedral configuration the 
compoimds of this type should resemble the cyclohexane-1 : 4- 
dicarboxylic acids (Chap. XVI), and exist as cis and trans 
isomerides, both of which should be of the non-resolvable 
type, and this isomerism should disappear in all cases where 
R' ~ R''. On the other hand, with a pyramidal configuration 
of the ammonium ion when R = R' two non-resolvable forms 
should exist and when R' difiers from R'" two racemic forms. 
By an examination of five different compounds of this type, 
three in which R' and R" were different, and two in which they 
were identical, it was found that all the facts pointed to the 
tetrahedral structure. 

6. The resolution of the salts of amine oxides. These may be 

4 - 

represented as containing the ion Nabc(OH) or in the ^N:0 
group the double linking between 0 and N may be semipolar 
{Meismheimer and others, A., 1926, 449, 188). 

The discovery of compounds in which nitrogen is attached 

C a 4S0 } 27 • 
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to five hydrocarbon groups, c.g. tetramethylbenzylammonium, 
NMe 4 -CH 2 *Pb (p. 442), does not render the tetrahedral ar- 
rangement untenable, as in these compounds one of the five 
groups appears to occupy a characteristic position with respect 
to the nitrogen. It has been shown that solutions of such 
compounds in pyridine are electrol 3 rtes, and hence one of the 
alkyl groups is presumably ionizable as an anion in the same 
manner as the halogen atom in quaternary ammonium salts. 


3. OPTICALLY ACTIVE ALIPHATIC NITRO COMPOUNDS 


By starting with the optically active alcohol, MeEtCH'OH, 
Kuhn and Albrecht (B., 1927, 1297) obtained an active rnethyl- 
ethylnitromethane, MeEt-CH-NOg, the ionizable sodium salt 
of which according to Hantzsch should be represented as: 



O 

ONa. 


These structures are symmetrical, and hence the compounds 
should not be optically active and the alternative structure, 



has been suggested, where the co-ordinate link is between C 
and N, the N being the donor, or possibly 



4- Na. 


A similar compound with in place of CgHg, i.e. an 

optically active nitro-octane, has been obtained by Shriner 
and Youn^ (J. A. C. S., 1930, 3332), and Mills and Cole (1932) 
have resolved phenylcyanonitromethane, CN’CHPh'NO^, by 
means of its brucine salt with the structure 



and it is thus clear that optical activity occurs with com- 
pounds containing a co-ordinated carbon atom, >C as 
the centre of dissymmetry. The potassium salt of 2-bromo- 
9-mtrofluorene (J. A. C. 8., 1935, 2163) is also slightly active. 
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D. Phosphorus and Arsenic 

Meisenheimer and Lichtenstadt (B., 1911, 356) have ob- 
tained methylethylphenylphosphine oxide, 0:PMeEtPh, in 
optically active forms. The base was prepared by combining 
methyl iodide with ethyldiphenylphosphine, liberating the base 
with moist silver oxide and then distilling, and was resolved 
by means of d-bromo-camphor-sulphonic acid. The base has 
[a]i> -h 33*8 in benzene solution. Somewhat similar experi- 
ments of CaveM (J. C. S., 1902, 1362) and Ephraim (B., 1911, 
631) have given negative results. 

Ethyl triphenylmethyl-pyro-phosphate, 

EtOv /OEt 

>PO*P< 

Ph3C/>l. I^CPh,, 

O 0 

exists in meso and racemic forms, but both give the same 
acid on hydrolysis owing to resonance (J. C. S., 1933, 776). 

Arsenic compounds, e.g. phenyl-a-naphthylbenzylmethyl- 
arsonium iodide {Burrows and Turner, J. C. S., 1921, 426) 
and jD-carboxyphenylmethylethylarsine sulphide, CO2H*C0H4* 

As. Me {Mills and Raper, 1925, 2479), have been resolved. 

\Et 

For more complex compounds see M'Cleland and Whitworth 
(1927, 2753). 

E. Sulphur, Selenium and Tin 

As sulphur, selenium and tin can function as quadrivalent 
elements, Pope, with Peachey and Nernlle (1900-2), examined 
compounds of these elements in which the central atom is 
attached to four different monovalent groups, and found that 
compounds of the types: (a) Hethylethylthetixie bromide, 
Br-SMeEt-CHg-COgH, Atained by the addition of bromo- 
acetic acid to methylethyl sulphide; (6) Hethylethylphenaeyl- 
sulphine bromide {Smiles, J. C. S., 1900, 1174): 

CH.V XJH.COaH. 
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(c) Methylethylselenetine bromide, SeMeEtBr CHa-COgH, ob- 
tained from methylethyl selenide and bromo-acetic acid; (d) 
Phenyl-^-tolyl-methyltelluronium iodide, TeMePhCyll,! [Lowry 
and Gilbert, J, C. S., 1929, 2868); (e) Methylethylpropyl-tixi 
iodide, I*SnMeEtPr (a liquid boiling at 270®), were all resolved 
by treating with silver d-camphor-sulphonate or silver d-bromo- 
camphor-sulphonate, removing the silver halide and repeated 
crystallization of the salts when the least soluble salt could 
be obtained pure. In most cases racemization readily takes 
place, and in the case of the tin compounds the following 
phenomena were observed. 

Crystals of d-methylethyl-n-propyl-tin d-camphor-sulphon- 
ate, SnMeEtPr-O'SOa'CioHigO, melting at 125®-126®, were 
obtained. In aqueous solution [Mji, = +95®, which gives 
a value for the univalent ion, SnJVIeEtPr, of about +45®. 
When the mother liquor from the above-mentioned crystals 
was evaporated, a further quantity of the same compound was 
obtained, and the operation repeated until all the water had 
been expelled. No trace of i-methylethylpropyl-tin d-camphor- 
sulphonate could be isolated. Pope and Peachey attribute this 
to the conversion of the Z-base into the d-base by continued 
racemization (p. 293), in the following manner: The Solution 
of the racemic base with the d-acid deposits a portion of its 
d-base as the sparingly soluble salt d-base + d-acid; the excess 
of Z- over d-base remaining in the solution racemizes as eva- 
poration proceeds, a further quantity of d-base separates as 
salt, and racemization of the residue again proceeds. 

For other examples of the same type cf. King, Rep., 1933, 261 . 

All the compounds investigated are salts, and the activity 

+ 

of a halide is due to the cation containing, e.g., SnMeEtPr, i.e. 
tervalent derivatives of S, Se and 8n. It is clear, therefore, that 
the spatial arrangements in these ions must be different from 
that in tervalent nitrogen compounds, and it may be that the 
8 (Se or Sn) atom occupies one comer of a tetrahedron and the 
three alkyl groups the remaining three comers. 

« . 

Just as the amine oxides Nabc:0 or Nabo*OH exist in 
enantiomorphous forms, so do the sulphoxides 0:SRR' {Harri- 
son, Kenyon, and Phillips, J. C. S., 1926, 2079), and sulphinates 

R"S\ {Phillips, J. C. S., 1925, 2552). The existence of 
X)Et 
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Buch Rtercoisoiiierides is not explicable with the usual structural 
formula, but representing the S:0 linking as a co-ordinate 

■f — . 

link 8 0 or a semipolar link 8 — 0 , then the compound 

OEt OEtv + _ 

pS -> 0 or 0 represents the sulphur atom as 

W R/ 

attached by three single linkings to three different groups; in 
other words, the arrangement in the optically active thionium 
ion described above. The compounds actually resolved were 
p-toluene sulphinate, jo-tolyl-p-aminophenyl sulphoxide and 
m-carboxyphenylmethyl sulphoxide and still later a sul- 

philirnine, CgH 4 *S 02 *N — , obtained by condens- 

\cn3 

ing chloramine T with tw>carboxyphenyl methyl sulphide 
(J. C. 8 ., 1927, 188), by means of brucine or cinchonidine. 
Optical activity disappears when the active sulphinates and 
sulphoxides are oxidized respectively to sulphonates and 
sulphones. 

CH,-CH. 

Disulphoxides of the cyclic type 0 0 

^ch.ch/ 

exist in two inactive stereodsomeric forms (Bell and Bennett, 
J. C. 8 ., 1927, 1798; 1928, '86), which can be accounted for on 
the semipolar double bond basis, and the two oxygen atoms 
can l>e ds or trans to the plane of the carbon and sulphur 

atoms, and also oxides of the type 0 -e- S(^ ^Cab 

(J. C. 8 ., 1929, 2832; 1930, 1). ^CHa-CH/ 


F. Co-ordination Compounds 


In 1911 Werner pointed out that compounds of the types 
C 0 A 3 BCD and CoABCjDj should exist in two optically active 
isomerides provided the groups ABCD are arranged spatially, 
i.e, octahedrally, around the central Co atom: 



C 

J B 

Co / 

D 


C 

B -i- 0 

D 
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and active isomerides were actually isolated in the case of the 
broino-ammine-diethylenedianiine cobalt salts,* [CoBrN 1130112] 
Brg, the resolution being accomplished with the aid of d-broino- 
camphor-sulphonic acid, and similar results were obtained 
with chromium co-ordinated salts (B., 1911, 2445, 3279, 3722, 
3132). When an unsymrnetrical diamine, e.g. NH2*Cn20HR*NH2, 
takes the place of DD or a sym. diamine that of CC, and 
A = B, two series of compounds exist (Helv., 1919, 5). 

Since Werner's results were made knovrn an enormous 
number of co-ordinate complexes derived from other elements 
have been isolated, and it is possible to classify these com- 
poimds into the categories according to the arrangements of 
the groups around the central atom: 

1. Planar: elements with co-ordinate number 4. 

2. Tetrahedral: elements with co-ordinate numbers 3 or 4. 

3. Octahedral: elements with co-ordinate number 6. 

Under group 1 fall certain compounds derived from Ni, Pd, 
Pt, and Au. The groups and the central atom lie in a single 
plane and the compounds are not resolvable into optically 
active components. 

Under group 2 are derivatives of Be, B, C, N, Si, P, S, Se, 
Cu, Zn, As, Sn, Ag, Te. The arrangement is exactly analogous 
to that of compounds with an asymmetric carbon atom. The 
compounds are resolvable. 

Under group 3 are compounds of Al, Cr, Fe, Co, Ni, Cu, As, 
Ph, Pt. 

Thus the elements Ni, Cu, As, Pt can give derivatives be- 
longing to two different types of grouping. 

The determination of the spatial structure is largely based 
on the following considerations: 

1. The existence of two distinct isomerides which cannot 
be resolved into active components. 

The compound PtCl22NH3 exists in two non-resolvable 
isomeric forms, which therefore have a planar structure and 
can be represented as 


H,N-^ 



and 


I.N. Cl 


* Where en represents the twofold associating ^oup ethylenediamine 
which is thus equivalent to two D groups (cf. Chap. XL VI, A.)* 



CO-ORDINATION COMPOUNDS 


815 


2. Tlie re.solution of the compound into optically active 
isomerides just as in the case of carbon compounds. Thus the 
beryllium-benzoyl -pyruvic acid and the corresponding Zn and 
Cu compounds exist in optically active forms and hence have 
the tetrahedral configuration: 

CHICPhO. /OCPh:CHv 

I > 

0(00^11) : (Y : C(C0jHk 


where the 4 links of the beryllium atom are directed towards 
the angles of a tetrahedron. The compounds are not beryllium 
salts as they are not ionizable, they have low melting-points, 
volatilize without decomposition and dissolve readily in hydro- 
carbon solvents (Mills and GoUSy J. C. S., 1926, 3132). 

Similar complex nickel salts, c.g. the bisethylenediamine 
salts (Wahly 1928), 


en j 
on - 


:Ni 


Am, 

OH, 


X. 


and. the tris-aa-dipyridyl salts [N3 dipyJClg (Morgan and 
Birsfally J. C, S., 1931, 2213) are resolvable and hence have 
the octahedral structure. 

The gold compound, 


K 


“NC. 

^Au dipy , 


is coplanar and not tetrahedral, and in it the gold has the 
stable radon electron structure (J. C. S., 1939, 426). 

An interesting compound is that of PtCl 4 wuth 1:2:3- 
triaminopropane. This can yield the 5-ring compound I oi 
the 6-ring compound II, 


CIL -NH, 




I I ;ptch 


II NH,-CH< OHCh, 

OHjNH/ 


and as the compound is resolvable I is probably correct. 

Vernon (1920-21) claimed to have isolated two isomeric 
TeMe^Ig and hence deduced a planar configuration. Drew 
(J. C. S., 1929, 560) proved that one of these was the polymer 
Te 2 Me 4 l 4 and a true salt, and finally Lowrtj and Gilbert (1929, 
2867) resolved the phenyl-p-tolyl-methyl-telluronium salts 
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and thus proved the telluronium ion to have the tetrahedral 
arrangement. 

3. X-ray examinations can be of use in deciding the con- 
figurations of molecules in the solid and vapour phases. When 
applied to a compound of the type [Pt-tNHgjClg it shows that 
the 4 groups attached to the platinum atom lie in the same 
plane as the Pt atom itself {Cox, 1932, 1912), and probably 
other platinum compounds with a co-ordinate number 4 have 
the same planar structure. 

4. A study of infra-red spectra or of Raman effects throws 
light on magnitudes of moments of inertia and hence on con- 
figurations. 

The accumulated evidence shows that with an atom with 
the co-ordinate number 4, or with a 4 covalent atom with 
single links, the structure is usually tetrahedral but occa- 
sionally planar, but with atoms with a co-ordinate number 6 
the configuration is invariably octahedral. 

The formation of a chelate ring always enhances the stability 
of a co-ordinated compound as shown by the relative stability 
of the complexes formed by aliphatic amines on the one hand 
and ethylene and pri^pylene ^.amines on the other, but as 
chelate rings are usually 5- or 6-membered rings a diamine such 
as decamethylene-di amine which cannot form a chelate ring 
with the metal pelds very unstable co-ordinated compounds 
(cf. Diehl, Chem. Rev., 1937, 39). For a list of co-ordinating 
power of some of the more common donor groups, e.g. cyanide 
aliphatic amine, pyridine bases, unsaturated hydrocarbons, 
amino-acids and d-tartaric acid with different metals, cf. 
Bailhar, ibid, 1938, 71. 

For co-ordination of unsaturated carbon compounds see 
Anderson, J. C. S,, 1934, 971; 1936, 1042; Kharasch and 
Ashford, J. A. C, S., 1936, 1733. 
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LI. UNSATURATION ♦ 

A. Types of Unsaturation 

The term tmsaturated has been frequently applied in earlier 
chapters to different compounds without any clear definition 
of the term. It has been used to comprise all cases of com- 
pounds which are capable of uniting with other elements or 
compounds, thus olefines with bromine or hydrogen, aldehydes 
with hydrogen cyanide or bisulphites. The best definition 
is “ Unsaturated compounds are those capable of uniting with 
another substance (element or compound) without a £srup- 
tion of their original structure**. Two main types may be 
distinguished. 

1. TWO ADDENDA ATTACHED TO THE SAME ATOM 

Cases in which the addenda unite with one and the same 
atom of the original compound, as in the conversion of amines 
into salts and quaternary ammonium compounds, the forma- 
tion of oxonium salts from ethers, &c., and the formation of 
sulphonium salts from alkyl sulpliides. 

The presence of such unsaturated groups as amino and 
hydroxyl, and also the alkylated groups, ’NHE, 'NRj, ’OR, 
produce marked effects on the properties of the compounds 
into which they are introduced. In the aromatic series they 
render the compounds much more reactive towards reducing, 
oxidizing, and substituting reagents (cf. p. 472). When fur- 
ther substituents are introduced, e.g. Cl, Br, SOgH, NOg, Ac., 
these almost invariably take the ortho- and para-positions 
with respect to the unsaturated group. These groups also 
tend to make the compound luminesce under the iiSfluence 
of electric discharges under small pressures. They are also 
the most powerful auxochromes known, i.e. when introduced 
into a compound containing chromophores, such as •N:N, 
C:0, C:C, NOg, &c., they produce a deepening of the colour 
of the compound. 

In each case the atom involved passes to a higher valency 
state, e.g. from 2 to 4 or 3 to 5, and in practically all cases the 

• For theoretical views cf. E, Hiickel, ** GrundzOge dcr Thcorie ungesfil- 
tiger und aromBtischer Verbindungen Z. dec., 1937. 762 and 786, 
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product formed is an ionizable salt, i.e. the element in question 
with its attached groups acts as a cation. Thus trimetliylaminc 

-f — -f- — 

and methyl iodide (Me, I) yield NMe 4 , I, the positive charge 
of the Me is transferred to N. 

Salt Formation in Case of Cyclic Oxygen Compounds. — 
This has been studied in the case of pyrones and similar 
compounds (B, W. Ghosh, J. C. S., 1915, 1588) by means 
of perchloric acid. Many ring compounds containing one or 
two atoms of oxygen do not form oxonium salts with perchloric 

acid, e.g. 0<(^ 0<( No, and the corre- 

aponding compounds condensed with a benzene nucleus. The 
introduction of olefine linkings, the replacement of CHg by 
CO, or an accumulation of benzene nuclei increases the basic 
properties of the oxygen and facilitates salt formation. 

An attempt to settle the structure of salts of simple un> 
symmetrical y-pyrones has been made by Gibson and Simonsen 
(J. C. S., 1928, 2307) by trying to isolate two 2-methyl-6-phenyI- 
4-pyTone cJ-a-bromocamphor-sulphonatos. No isomerides could 
be detected, and they consider this favours the pyrylium struc- 
ture I rather than the ordinary oxonium formula II, (p. 679). 


(I) HO ( 



(II) CO< 


.CH : CPh. 
CH :CMe> 


> 0 < 


H 

X 


The pyrylium structure is met with in many anthocyanidins 
(Chap. LXIV, C.). 

Molecular Compounds. — Analogous to the unstable oxonium 
salts are the additive compounds formed by the union of 
aromatic compounds, more particularly amines, phenols, and 
phenolic ethers with quinones and aromatic nitro-compounds 
of the type of ^-trinitrobenzene, polynitronaphthalenes, and 
even m-dinitrobenzene. Many of these compounds are highly 
coloured, and similar products are given by hydrocarbons 
containing condensed benzene nuclei, e.g. anthracene, phenan- 
threne, fluorene, &c. (Pfeiffer, “ Organische Molekiilverbin- 
dungen 2nd Edition, 1927 ; Bennett and WiUis^ J. C. S., 
1929, 256, who give electronic formulae for such compounds 
and for general discussion; see C. and L, 1938, 612.) 

Hammick and others (J. C. 8., 1936, 1463; 1938, 764, 1350) 
by a study of the effects of increasing amounts of solvent on 
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the colour of the compounds of amines with trinitrobenzeno 
show that the stability is largely a function of the strength of 
the base. 

2. TWO ADDENDA ATTACHED TO TWO DIFFERENT 
ATOMS 

The addenda become attached to two different atoms, 
which may be (a) adjacent atoms, (b) atoms removed from 
one another by a chain of one or more atoms. Type (h) is not 
very common, and the best-known example is the addition of 
bromine to cyclopropane accompanied by the breaking of the 
tri-ring and the formation of the open-chain compound, tri- 
methylene bromide, CHgBr-CHg-CHaBr. 

The common type is (a), e.g. the addition of 211 to ethylene 
to form etliane, or of bromine to oleic acid to form 9 : 10-di- 
bro mo- stearic acid. 

It has been definitely proved in the case of ethylene dibro- 
mide that the bromine atoms are attached to different carbon 
atoms (p. 67) and somewhat similar arguments can be used 
in other cases. 

Compounds of type (a) are usually represented as containing 
double or triple linking between the two adjacent atoms, e.g. 
C:C, C:N, C:0, C:S, S:0, N:N, C:C, C:N, &c. This merely 
means that all the valencies which are not used up in attaching 
H or other element or group toC, 0, or N are used up in 
attaching C to C, C to 0, C to N, or in other words when there 
are not enough electrons in a molecule to provide each atom 
with its stable octet by formation of single covalent links, two 
adjacent atoms may share a second or even a third pair of 
electrons. This is limited, however, to C, N and 0. With S 
and P and other elements co-ordinate links are usually formed. 

A double or triple bond in a carbon compound is not a 
strengthened bond as it should be if each link in a double 
bond was the equivalent of a single bond. Characteristics of 
olefine compounds are (i) their high energy content as illustrated 
by their heats of formation, e.g. ethane has -f 25*0, ethylene 
— 6*45, and acetylene —54*4 Mo cal. per gm. mol.; (ii) a 
diminution in the distance between the two C atoms, e.g. 1-44 A 
as compared with 1*64 from C — C; (iii) the absorption of light 
of greater wave-length than compotinds with single links; 
(iv) the double link prevents free rotation about the axis 
common to the two C atoms. 
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In terms of the electronic conception of links, a double 
link denotes that each of the two atoms concerned shares 
four electrons, two from each atom. In a simple hydrocarbon, 
CHgrCHg, it is highly probable that the two pairs of electrons 
are equally shared between the two carbon atoms and the 
compound is non-polar, but with the introduction of sub- 
stituents, even CHg or Cl, electric disturbances arise and a 
more or less unequal sharing of the four electrons occurs. 

^ p** . . . 

This may be repreaented as A = B and A == B. indicating 

a tendency for a displacement of an electron pair and leaving 
the one atom with an unstable sextet. Such active forms 
are extremely mobile and of very short life, so that their 
concentration is always small and the equilibrium is 

rN ^ 

A « “ B. 

When A and B represent different elements, e.g. C and 0, 
there is always a tendency for the atom with the liigher effec- 
tive nuclear charge to retain the electron pair, and hence 
N = 0 and S *= 0 readily become N 0, 8 0. 

Although most compounds containing double links form 
additive compounds they vary considerably as to the com- 
pounds with which they can combine. Thus compounds with 
C:C combine with Hj, Clg, HBr, HCIO readily, whereas com- 
pounds with C:0 combine with HCN, NaHSOj and HjO. 


B. Mono-enes 

Compounds containing one olefine link are those which 
have been most closely studied. The addition may be non- 
ionic and may be due to the symmetrical rupture of a dublet 
giving rise to a pair of free radicals united by a single link 
(ef . Free Eadicals, Chap. LII, B.) : 

CH, - CH, 'CH, - 'CH,. 

The following reactions probably belong to this tjye. The 
photochemical reduction of ethylene (Taylor and MardhoAl^ 
J. Ph. Chem., 1925, 1140) and the addition of halogens to 
cinnamic acid in suidight (Wachhdz, Z. phys., 1927, 1S6» l)t 
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the photochemical addition of H^O*, i.e. OH -f OH, to olefines, 
e.g. crotonic acid + 10 per cent perhydrol gives dihydroxy- 
butyric acid in ultra-violet light and allyl alcohol gives glycerol 
(J. A. C. S., 1937, 643). The photochemical formation of 
phosgene, COCl^, appears to be a non-ionic reaction and has 
received considerable attention (Bodenstein, 1927~-30). The 
rate of change approximates nearly to the square root of the 
concentration of chlorine molecules, indicating that the chlorine 
is split into atoms. The reaction is a typical chain reaction 
and appears to take place in the following stages: 

(i) By absorption of light energy Cl, -> 2C1 ; 

(ii) CO -f Cl->COa; 

(iii) COCl + Cl, COCl, + Cl. 

In most cases the reaction appears to be of the ionic type, 

■ 4 - — 

and to occur at a semipolar bond CH^ = CHg -> CHg — dig 
promoted by the reagent used. In many cases, although the 
sharing of the electrons is not equal, the link has not reached 
the state of a complete polar link, the two atoms between the 
link are polar, one + and the other due to the unequal 

5 - 

sharing, and can be denoted >C^“C<, and in the presence 
of suitable polar reagents this becomes a true semipolar link, 

viz. >C — C<. The ionic character of such reactions is 

^ — 

characteristic of many carbonyl additions, >C — 0, the 0 
atom always accepting the charge and hence readily 

4 - 

reacting with cations, e.g. H, whereas the carbon is -h and re- 
acts only with anions, e.g, CN, or with reagents which readily 

yield anions. As the 0 is more stable than the C, e.g. OH; OEt, 

+ 

OPh are all stable, it follows that the C is the primary centre 
of attack and therefore addition occurs most readily with 
compounds giving active anions and not with reagents giving 
active cations and stable inert anions. The halogens, halogen 
hydracidfi, and nitrosyl chloride yield stable anions and hence 
do not readily form additive compounds with carbonyl com- 
pounds. The fiirst reaction to be studied in detail from the 
ionic view, the formation of cyanhydrins (p. 148, Lapworth, 
J. C. S., 1903, 995), showed that the addition of HCN does not 
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occur with the acid itself, but is immediately started by a 

trace of alkali, i.e. by the formation of CN. The primary 
reaction is 

yd 

CHs-CH : 0 + CN Cila CH^ 

\CN, 

and in order to bring the reaction to completion it is necessary 
to work in a solution of fairly constant value, such as 
KHCO3 solution, which supplies H ions at a practically con- 
stant concentration and thus forms the cyanhydrin 

yd ,OH 

\CN 

The ionic view of addition is generally accepted for the 
majority of reactions occurring in solution, both the unsatu- 
rated compound and the reagent reacting in the ionic form, 
often induced by a catalyst, and finally the ions unite to form 
a covalent compound. 

The addition to a double link is a complex reaction, and it 
is difficult to draw general conclusions as the following factors 
have an important bearing on the reaction: (1) The polarized 
state of the unsaturated compound; (2) The influence of tem- 
perature, solvent, light and catalysts; (3) The point of attack 
in an unsymmetrical compound, i.e. a or j8; (4) Influence of 
substituents. 

Where the two addenda are the same, e.g. 2H, 2Br, 20H, 
only one compound can be formed, but the rate of formation 
and the equilibrium (if any) may vary with conditions. 

The addition of either bromine or hydrogen bromide to 
olefines is regarded as an ionic reaction: 

C,H4 h H -h Br H. (C,H4H) + Br -> CHj CHgBr. 

The reaction between ethylene and bromine is a surface 
reaction {Steward and Edlund, 1923), and the glass surface 
acts as a catalyst. Coating the glass with stearic acid increases 
the rate of addition, whereas paraffin wax almost completely 
inhibits it, and this points to the need of a polar catalyst* 
Water accelerates the reaction and rise of temperature 
diminishes it, indicating that the reaction is not a mere addi* 
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tion, but probably depentift on the formation of an inter- 
meidiate product which is less stable at high temperatures. 
The effect of moisture is also to transform the reaction from 
one of the 2iid order to one of the Ist, and independent of the 
bromine concentration, and the intermediate product is prob- 
ably a hydrated bromine molecule formed so readily on the 
glass surface that its concentration is practically independent 
of the bromine concentration in the gas phase (G. Williams, 
1923). It is the + ion or positive pole of this hydrate which 
is reactive. 

With aqueous solutions of chlorine (or bromine) chlor- 
hydrins (brom hydrins) are also formed, and to account 
for all the plumomena Francis (1925) has suggested that the 

first reaction is the addition of Br derived from the ionized 

4 - -* 

bromine (Br and Br): 

f Br + Br OH^BrCHg 4 Br. 

-f 

The CIIgBr-CHg ion can then react with the Br or with the 

OH ion derived from the water; as the Br ion is more stable 

than the OH and less liable to lose its ionic charge, it follows 
that reaction 1 takes place more readily than reaction 2. 

1. CHjBr CH, 4- OH CH^Br CIIa OH; 

2. CHjBr CH, + Br -> CH*Br CH,Br; 

i.e. there is a greater tendency for the formation of the brom- 
hydrin than the dibromide. This is confirmed by Terry and 
Eie/ielberger's observation (1925) that the addition of bromide 
ions (e.g. sodium bromide) increases the yield of dibromide at 
the expense of the bromhydrin, and the addition of chloride 
ions gives a certain amount of CH 2 Br*CH 2 Cl. 

In non-aqueous solvents the rate of addition of bromine to 
unsaturated acids of the type of cinnamic acid is extremely 
slow at the beginning but increases with time owing to the 
formation of small amounts of hydrogen bromide which acts 
as a catalyst, and if a definite concentration of hydrogen bro- 
mide is used the reaction becomes typically bimolectdar and 
roughly proportional to the concentration of the hydrogen 
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bromide {Williams and James, J. C, S., J928, cf. Robert- 
son and others, 1937, 335, and also 1939, 224). 

101 behaves as a catalyst in much the same manner as HBr, 
and it appears that the catalysts are compounds which can 
form higher complexes with bromine. 

Although most olefine derivatives combine with bromine, 
compounds in which there are several negative groups, such 
as Ph, Br, CN, CO 2 H, already attached to the two carbon 
atoms, do not form additive compounds with bromine {Uugo 
and Bauer, B., 1904, 3317; H, Ley, B., 1917, 243), although 
they contain an olefine linking. They combine, however, with 
chlorine (Behr, B., 1910, 2940; Meisenheimer, A., 1927, 456, 
142). On the other hand, olefine compounds, containing two 
methyl groups attached to one of the two ethylene carbon 
atoms do not readily combine with hydrogen, but form additive 
compounds with bromine, e.g. dimethyl-styrene, ClTPh : CMe^, 
or terpinolene (Chap. LVII, Bl). 

Addition of Hydrogen Halides, — ^As already pointed out 
addition occurs most readily with HI and least readily with 
HCl. Union with HF can also occur (Grosse and Linn, J. Org., 
1938, 26, cf. J. A. C. S., 1935, 1616), but pressure is required. 
The reaction is non-catalytic, yields of 80 per cent of additive 
product can be obtained in certain cases and by-products are 
polymerized olefines. Markownikoff (1870) from known data 
drew the generalizations : (1) If an xmsymmetrical hydrocarbon 
combines with hydrogen halide the halogen adds to the carbon 
atom with fewer hydrogen atoms attached to it. (2) By 
addition of hydrogen halides to vinyl chloride or chlorinated 
propylene the halogen always adds to the carbon atom which 
already has halogen attached to it. 

Beaction (a) is the normal and (6) the abnormal in general- 
ization (1). 


CH3CH:CH, + HBr<^ 


GHjCHBrCH, 

CH,CH,CH,Br 


(a) 

(b) 


Numerous exceptions to the first generalization are known 
and are due to the fact that the reaction (6) is favoured by 
traces of oxygen or peroxides (Kharasch and others, J. A. C. S., 
1933-37; Smith and others, J. C. S., 1934-37, and Vrushi- 
bara and TaJeebayashi, Ber. C. S. Jap., 1936-37).* In some 

* For summary see J. C. Smith, C. and 1., 4837, 833; 1938, 4SL 
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cases the effects of traces of oxygen are so marked on the 
hydrogen bromide addition that in order to obtain the normal 
reaction it is necessary to work in the presence of an anti- 
oxidant, e.g. quinol, diphenylamine, &;c., and even the com- 
pound being studied or the solvent, e.g. acetic acid, can act 
as an anti-oxidant. 

Some of the generalizations drawn are: (1) That with 
a terminal double bond H€1 adds on very slowly and 
in the normal manner, and is catalysed by the presence 
of ferric chloride. (2) That with HBr the reaction is more 
rapid, is catalysed by ferric chloride, and can be either 
normal or abnormal according to the absence or presence of 
oxygen or peroxides. Increase in temperature favours the 
abnormal reaction and light of all wave-lengths accelerates 
both reactions. This rule 2 holds good not only for hydro- 
carbons, CH 2 :CH(CH 2 )n‘CH 3 , where n == 6, 8, 10, 12, 14, or 
16, but for acids of the series CH 2 :CH(CH 2 )n‘C 02 H, where 
n varies from 1-8. An exception is acrylic acid (n = 0), where 
the product formed is jS-bromopropionic acid under all con- 
ditions. The rule also holds for the series CHg : CH(CH 2 )C 6 H 5 , 
where n = 1, 2 or 4. A few exceptions to the rule relating to 
oxygen effect are: (a) Undecenol, CH 2 :CH(CH 2 ) 8 *CH 2 'OH, 
where apparently the *0112* OH group acts as an anti-oxidant, 
as the acetyl derivative behaves in the usual manner in the 
presence of peroxides. (6) Styrene, CH 2 :CHPh, which gives 
CHg'CHBrPh under all conditions, (c) Safrole, eugenol and 
i^oeugenol methyl ether (Chap. XXIV), aU of which give the 
normal product even in the presence of oxidants, although 
the corresponding unsubstituted compound, allylbenzene, 
gives the abnormal product in the presence of peroxides. 

Exceptions to Markownikoff's second rule (p. 824) are met 
with in the presence of oxidants, e.g. 1-bromo- A' -hexene, 
CHBr:CH-(CH 2 ) 3 *CH 8 gives CH 2 Br-CHBr(CH 2 ) 2 -CH 8 in the 
presence of a peroxide and CHBr 2 ’(CH 2 ) 4 *CH 2 in its absence. 
Similarly 


+0 


CH,:CHBr(CH,)*CH, ^ 
- 0 ^ 


CHjBrCHBrCCHjlaCH, 

CH,-CBr,(CH,),CH„ 


and also vinyl and allyl bromides, and trichlorethylene, 

-O^CJCljBrCHtCl 

CCL: CHOU* HBr 

+O^CH01,CHBrCl. 
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(3) The addition of HI is rapid, takes the normal course, and 
is unaffected by oxygen. 

With a Non-terminal Olefine Bond , — With a compound con- 
taining a non-terminal double bond, e.g. CHg-CH : CH-CHgX, 
both normal and abnormal additions of HBr occur and often 
to an equal extent in the case of a hydrocarbon. The reaction 
is unaffected by oxygen or peroxides, thus CHg-CHzCH-CHgBr 
gives 80 per cent of CHa-CHBr-CHg-CHgBr and 20 per cent 
of CHg-CHg-CHBr-CHgBr, When a highly polar group is 
in close proximity to the double bond, e.g. crotonic acid, 
CHg-CHiCH-COgH, the product imder all conditions is the 
jS-bromo-derivative, and similarly with vinyl bromide and 
allyl bromide. A^-Pentenoic acid adds on HCl more readily 
than the A^-isomer, and addition is facilitated by using 
aqueous solutions of HCl, and the reaction is not catalysed 
by Fea3. 

The effects of oxygen are largely influenced by the solvent, 
e.g. alcohol and ether appear to act as anti-oxidants, and in 
the presence of aliphatic acids a large amount of oxygen or 
peroxide is needed before their effect is obvious. Other sub- 
stances, e.g, traces of moisture, nitric oxide and ferromagnetic 
metals, can also act as catalysts for the abnormal reaction 
(cf. Smith, loc. cit., p. 466). 

Other Addenda.- -Olefines form additive compounds with 
NOCl, N2O3 and N2O4, the addenda being NO and Cl, NO and 
NO2, NO2 and NOg respectively. These products are of great 
value in characterizing terpenes (Chap. LVII), and the com- 
pounds with NOCl readily react with arylamines (primary and 
secondary), the (3 group being replaced by -NHR or 'NRg, 
and the characteristic nitrolamines with definite melting- 
points are formed. 

Mercaptans HSR, thiocyanogen (CN8)2 and more complex 
sulphur compounds, e.g. thioglycollic acid, HS*CH2*C02H, also 
form additive compounds with olefines, the addenda being H 
and SR (where R is an alkyl group) 2CNS or H and S 
In the latter case, the reaction is catalysed by oxidants and 
gives the abnormal product, e.g. styrene, CHPh:CH2, and 
HSR give CeHg-CH(SR)'CH3; in the entire absence of oxygen 
the reaction is extremely slow, and the normal product, 
CeH5*CH2*CH2*SB, is formed (C. and I., 1938, 752). 

Aromatic hydrocarbons, phenols and amines can also form 
additive compounds with olefmes: 
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Styrene f toluene a-diarylethane, CHaPh CHa ColI^-Me. 

Cycloh(jxene and phenol jj-cyclohexylplieriol. 

RCH:CH, 4 aniline -> O.Hj-NHCHaCHaU. 

Alkali Metals. — In ethereal solution many compounds con- 
taining the groupings C:C, C:N, N:N combine with sodium 
(Schlenk and others, B., 1914, 473), and the structure of the 
additive compound is deduced from a study of the products 
formed by the action of water or carbon dioxide. Thus the 
sodium derivative of atilbeiie, CHPh:CHPh, yields s-diphenyl- 
ethane with water and s-diphenyl-succinic acid with carbon 
dioxide. In a similar manner the acid, C02H*NPh*NPh*C02H, 
can be prepared from azobenzene. 

This additive reaction is by no means general for unsaturated 
compounds. With olefine compounds only those react with 
sodium which contain benzene nuclei attached to both atoms 
of carbon, e.g. stilbone and anthracene, the latter giving rise to 
,CHNa. 

the compound CflH 4 \ In the case of 1:1- 

'"CHNa^ 

diphenylethylene, CPho : CHg, only the CPhg takes up Na, so 
that the p^duct is Na-CPhg-CH^-CIVCPhg-Na. With the 
C : N linking, addition to both atoms occurs when two benzene 
nuclei are attached to the C atom, e.g. benzophenoneanil, 
CPh 2 :NPh, yields Na-CPh^-NPh-Na, whereas benzaldehyde- 
anil CHPh:NPh yields Na-NPh CHPh-CHPh-NPh Na. 

Compounds with sodium attached to two adjacent atoms 
behave abnormally, with alkyl halides they yield the original 
unsaturated compound, and a dialkyl, e.g. CHg-CHg or 
CgHg-CgHg; but when the sodium atoms are in positions 1 : 4 
the reaction is normal and the sodium atoms become replaced 
by alkyl groups. 

Ethyl diazoacetate also combines with certain olefines (cf. 
Chap. LVII, Cl) and results in the elimination of nitrogen 
and the formation of an ester derived from cyclopropane. 

It is highly probable that the reaction between alkyl halides 
or acyl chlorides and the sodium derivative of ethyl aceto- 
acetate is of an additive character (pp. 258-259) (Michady 
J. pr., 1899, 80 . 296; Nef, A., 1899, 866, 52; 1893, 876, 235; 
1894, 280, 314). 

CH,*C(ONa):CH COJEt + Mel CH,*CI(ONa) CHMe CO^Et 
CH,CO*CHMeCO,Et + Nal. 
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Uichael Reaction .- -The additive condensation of ajS-un- 
saturated acids, their esters or ajS-uiisatiirated ketones with 
the sodium derivative of ethyl malonate, ethylacetoacetatc, 
or ethyl cyauoacetate is known as the MicJiael condensation 
and is of great value for synthesizing numerous compounds. 
The unsaturated compound should contain a basylous group 
attached to one ethenoid C atom, and a strongly acylous 
group, e.g. COgH, CO, CN, to the other. Then the sodium 
always adds on to the latter carbon atom, and the ‘CH(C 02 Et )2 
or CH3*C0*CH(C02Et) to the former. The esters of fumaric, 
maleic, aconitic, crotonic, citraconic, itaconic, acetylene* 
dicarboxylic, and phenylpropiolic acids and benzylideneace- 
tone, all react in a similar manner but at different rates (Auwers, 
B., 1895, 1131; A., 1896, 292, 147). The presence of CO or 
CN attached to one of the olefine C atoms increases the re- 
activity of the olefine with the above-mentioned esters, and 
also towards HCN, ammonia, amines, hydroxylamine and 
phenylhydrazine (anionoid reagents), whereas they depress 
the reaction of olefines with halogens and halogen hydracids 
(cationoid reagents). The Michad reaction is of considerable 
value for synthesizing polybasic acids, e.g. 2-phenylpropane- 
1:1: 3*tricarboxylic acid can be obtained from ethyl cinna- 
mate and ethyl sodiomalonate, and from benzylidene-acetone 
and ethyl sodiomalonate the additive compound I, 


I C,H5 CH< 


:;H(co,Et)co,Et 

UHjCOCH,, 


/CH(COaEt)COv 

n X!I 

\CH, CQ/ 


which readily loses alcohol, giving ethyl phenyldihydroresorci- 
late II. A modification of the reaction consists of using the free 
raalonio, aceto-acetic, or cyano-acetic ester in the presence of 
a little diethylamine {Knoevenagd, B., 1904, 4464). The sodium 
salts of the nnsaturated acids can sometimes be used instead 
of the esters {Reinicke, A., 1905, 841, 80). 

For addition of ethyl malonate to alkyl substituted buta* 
diene-a«carboxyIic ester c£. Farmer and Mehta (J. 0. 8., 1930, 
1610; 1931, 1904, 2661). 

The Michad reaction is a balanced one, so that as a role 



ADDITION TO CARBONYL GROUP 


820 


yields are not quantitative, but can be improved by removing 
the condensation product and continuing the reaction. 

Hydrogen cyanide, sodium bisulphite, and other compounds 
can react with olefine compound containing a C : 0 or C • N 
group in conjugation with the C : C, i.e. ajS-unsaturated acids, 
their esters, and aj3-unsaturated nitriles or ketones, e.g. 
benzylidene-malonic ester, C^H^-CH : C(C02Et)2 and HCN give 
CJl5-CH(CN)-CH{C02Et)2 {Lapwortk, J. C. S., 1903, 995; 
1904, 1200; 1906, 945). The reaction is of importance 

as affording a convenient method of preparing substituted 
succinic acids. 

The reaction of the ajS-unsaturated compounds with am- 
monia, amines, hydroxylamine and phenylhydrazme is of 
value for obtaining the amide or salt of a j8-amino-acid, e.g. 
crotonic acid, CHg-Cn : CH-COgH, with aqueous ammonia gives 
the ammonium salt of jS-amino-n-butyric acid. 

Nitromethane combines with olefine compounds. With 
unsaturated e-sters addition takes place in dry methyl alcohol 
conteining sodium methoxide. H adds on to the C atom to 
which the C 02 Et group is attached, and -GHj-NO^ to the 
adjacent C atom; thus the methyl ester of benzylidene- 
malonic acid: 

CHPh :C(CO,Me), NOa CH, CHPh CH(CO,Me),. 

Witli an unsaturatod ketone, e.g. phenyl styryl ketone, the 
product is phenyl )3-phenyl-y-nitro-ethyl ketone (Kohler, 
J. A. C. S., 1916, 889; 1919, 764): 

CHPh ICH CO Ph -> NO, CH, CHPh CH, COPh. 

Addition of hydrogen, hydrogen cyanide, alcohol, sodium 
bisulphite, Gri^nard reagents, &c., to the carbonyl has already 
been discussed under aldehydes and ketones (Chap.V). Different 
carbonyl compounds react at very different rates, and the 
following is the order of relative reactivity: 

•CO CH„ ’CO C:C, CO OR, CO NH,, CO OH. 

Compare also Ooldschmidt, B., 1896, 105. 

In the case of a series of ketones the introduction of acylous 
groups, e.g. COgEt, increases the reactivity of a ketone, whereas 
alkyl groups lessen the reactivity of the CO group towards 
sodium bisulphite (Stewart, J, C. S., 1905, 186; Petrenkch 
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KritschenhOy A., 1905, 341, 150). For additions to a : /5 im- 
saturated ketones cf. Vorldnder, ibid. p. 9. 

For action of metals on olefines cf. C. and I., 1937, 321. 

The relationship between the addition to olefines and 
tautomeric phenomena and the influence of inductive and 
tautomeric (electromeric) effects of various substituents has 
been indicated by Ingold and Ingold (J. C. S., 1931, 254, 
2742, 2746). As already pointed out (Chap. XXXV) the tauto- 

meric effect produced on an unsaturated compound >C=C< 

is to produce a shifting of electrons so that the difference in 
density of the electrons produces a small + charge on one and 

6 h S — 

a corresponding — charge on the other atom, >C “ C<, which 

■+■ — 

if complete can be represented as >C — C<. The effect of any 
substituent X, e.g. XHC=CH 2 , will be to minimize or increase 
the difference in electron densities on the two carbon atoms, 
and the effects of some common substituents are: 

•Me - I, -NMoa f I, -CO^H -f I - T, 

Br + I + T, O - I + T, CO O -- I - T and Ph ± T.* 

As the addition of bromine in solvents is an ionized re- 
action, ^ ^ 

XH- CH, + Br + Br, 

+ 

the less stable Br is the more reactive, and hence starts by 
combining with the C with the slight negative charge, and is 

finally completed by the more stable Br combining with the 
other C atom. When X represents a methyl group this tends 
to repel electrons and hence increase the — charge on the 
adjacent C atom and the -f charge on the other, and will 

4 

therefore facilitate the addition of Br. 

With a *00*0 group, e.g. an acid in aqueous solution (e.g. 
as its sodium salt), both I and T effects are electron repulsing 
and therefore bromine addition is facilitated. 

A bromine atom as substituent has electron-attracting I 
and T effects, and will have the opposite result and tend to 
hinder bromine addition. 


• For -f *nd — signs of I cf. Chap. XXXV. 



ADDITION OF HYDROGEN HALIDES 


831 


In tlie addition of HBr and BrCI to cinnamic and phenyl - 
propiolic acids (James and Hanson^ J. C. S., 1928, 1935, 
2979), the positive end of the addendum molecule (H in 
HBr and Br in BrCl) combines with the jS-carbon and not with 
the carbon atom to which the carboxyl group is directly 
attached. 

According to Michael, the addition of HI, ICl and BrCl to 
propene gives the following relative amounts of products: 


0113-011 

CHa-CH : 

^ ‘^OH^'CHICUbCI 

CHa-CH 

" ^CHaCHBr-CHaOl 


300 

b 

3 

1 , 

1-4 

1-0. 


As the difference in polarity diminishes the ratio of the two 
possible products falls rapidly. 

The addition of HCIO, i.e. OH and Cl, to the isomeric hexenoic 
acids is interesting: 

CHj*CH, CH,'CH ^ CH COall gives 100 per cent a chloro. 

CH,‘CH 2 *CH XH-CHa'COjH gives 80 j)er cent /5-chloro and 20 per cent 
y-chloro. 

CHg'CHrCH CHg CHj COjH gives 5 per cent y-chloro and 95 per cent 
8-chIoro-acid. 


The addition of HOBr, i.e. Br and OH, to an acid often 

takes place readily by using bromine water and the potassium 

+ _ + _ 

salt of the acid. The pos.sible addenda are Br, Br, H, OH. 
The Br, being the less stable cation, adds on to the C and then 

the less stable anion, viz. OH and not Br to the C atom. When 

+ — 

alcohol is present the addenda are Br and OEt as this is less 
stable than OH. 

In the addition of NH 3 , NHjMe and NHEtg to ethyl crotonate 
the jS-atoino- or substituted jS-amino-butyrates are always 
formed: 

CH, CH:CH*CO,Et CH, CH(NH,) CHa CO,Et, 

and by the addition of water to substituted acetylenes, e.g. 
BC : C'CHjOH, under the influence of mercurous acetate solution 
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the only products formed are R-CO-OHg-CHg-OH or the de- 
hydrated compounds R-CO*CH : CHg. 

For addition of diazomethane to olefine and acetylene acids 
cf. pyrazoline compounds (Chap. XLII). 

In all double bonds, whether C : 0, C : O, C : N, &c., the ten- 
dency is for the atom with the larger nuclear charge to become 
negative. Thus in acetone (CH 3 ) 2 C : 0 in its ketone form there 

6 f 6 — 

is a strong dipole moment (CH 3 ) 2 C : 0 (viz. 2*7), and under the 

influence of ionic reagents this is activated into a semi polar 

+• 

bond with a full negative charge on the 0 atom (€£[ 3 ) 20 — 0 . 
It follows that in all additions to carbonyl the proton adds 
on to the negative oxygen and the residue of the addendum 
to the carbon. With the C : N and N : 0 double bnks the uneven 
sharing of electrons is such as to give polarities of the types 

5— if fi+i— — 

— N“C< and — N=0, and on complete ionization — N — C< 
and — N — 0. 

Solvents and sunlight play an important part in many 
additive reactions. In the case of the isomeric methoxy- 
cinnamic acids, the 0 - and p-compounds combine with bromine 
in the dark much more readily than cinnamic acid itself in 
solution, whereas the m-compound under similar conditions 
is brominated in the nucleus, jrielding the 6-bromo-3-methoxy 
acid, and in order to obtain an addition product it is necessary 
to work in ultra-violet light and in non-polar solvents {Jones 
and James^ J. C. S., 1935, 1600). In the case of the 0 - and p- 
compounds the strong tautomeric effect ( d- T) of the methoxy 
group can act via the ring double bonds to the open-chain 
double bond, whereas in the m-compound there is no available 
mechanism for the transmission of the -hT effect from the 
nucleus to the side chain. 

Colour Test for XJnsaturation. — Tetranitromethane (p. 107) 
has been used as a reagent for testing for unsaturation. AH 
olefine compounds, with the exception of a few unsaturated 
acids, give a yellow coloration with the reagent, as do most 
aromatic compounds with the exception of nitro-derivatives. 
Substances containing bivalent sulphur or tervalent nitrogen 
also give colorations, and generally there appears to be a 
relationship between the amount of residual affinity and 
the depth of colour — a oonclusion which has been con^med 
by a study of the absorption spectra of tetranitromethane 
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with various heterocyclic corn pounds containing 0, S, or N in 
the nucleus. 

The reaction is so delicate, however, that it is often of little 
practical value as a trace of an unsaturated compound in a 
saturated compound will give the reaction. 


Properties of Unsaturated Acids as affected 
by the position of the Double Bond 

Acids which contain a double bond in the a^-position differ 
in many respects from isomeric acids in which this bond is 
further removed from the carboxylic group. 

The a^-uiusaturated acids are reduced much more readily 
than their isomerides by sodium amalgam and water, due to the 
conjugation of C:C with C:0 (cf. this Chap., C2). The ajS-acids 
on the other hand combine with bromine much less readily than 
their isomers (Sxidborough and Thomas, J. C. S., 1910, 715, 
2450; Williams and James, 1928, 343; Fonzio and Gastaldi, 
(1., 1912, 42, ii, 92). The rate of addition of bromine to a cin- 
namic acid is greatly increased by the presence of an ortho or 
fara methoxy group, and probably by ortho or para NR 2 
groups (J. a S., 1928, 344; J. I. I. S., 1925, 193). Certain 
conjugate comjiounds with one olefine linking in the a/3- 
position to the carboxylic group, e.g. ciiinamylidene-acetic 
acid, combine with l)romine fairly readily. The composition 
of a mixture of a/5- and /Sy-isomeric acida has been determined 
by Linstead (J. C. S., 1927, 356) by comparing the velocity 
of addition of the mixture with the velocities of the two pure 
acids. 

J. Bougault (C. R,, 1905, i, 9; cf. Linstead and May, J. C. S., 
1927, 2566) shows that /Sy-unsatii rated acids combine with the 
elements of hypoiodous acid (HIO), yielding lactones, whereas 
the isomeric a/S-acids do not. This provides the basis of a 
method for separating a mixture of an a/S- and /Sy-unsaturated 
acid. 

One of the best methods of separating a mixture of a/5- and 
/Sy-unsaturated acids is due to Fittig (B., 1894, 27, 2667; A., 
1894, 288, 51), and consists in heating the acids for a few 
minutes at 140® with a mixture of equal volumes of concen- 
trated sulphuric acid and water. The a/5-acid is unaffected 
by this treatment, whereas the /Sy-acid is converted into s 

( » 480 ) 
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y-lactone (p. 249) which is insoluble in sodium carbonate 
solution. 

CH.CHa 

{CH,),C : CH CH, CO OH i 

\)-CO 

When this method is used, only the aj8>acid can be re- 
covered. A method by means of which both acids can be 
recovered is the separation by fractional esterification, as an 
aj8-acid is esterified much less readily than isomeric unsatu- 
rated acids (Sudborough and Thomas, J. C, S., 1911, 2307; 
Fccott and lAnstead, 1929, 2153). 

A method of determining the position of the double bond 
is by oxidation or by ozonolysis (Chap. XLVIII, G.) as the C:C 
link is the point of weakness. 

Another method adopted for determining the position of an 
olefine bond is by an examination of the hydrobromide. If 
the bond is in the oj3-position the bromo-derivative of the 
saturated acid loses hydrogen bromide when treated with 
alkali and yields the original olefine acid. 

CH, CH:CH C02H CH, CHBr CH* CO*H 

Crotonic acid S-Bromobutyric acid 

-vch,ch:chco,h 

Crotonic acid 

A Py- or yS-unsaturated acid also yields a hydrobromide, 
but when tWs is treated with alkalis hydrogen bromide is 
eliminated and a lactone formed. 

CHj CH :CH eH, CO^ CH, CHBr CH, CH. CO OH 

I 

CH,CH< I 
\ 0 — CO 


The presence of olefine linkings, as in maleic anhydride, in- 
creases to an appreciable extent the readiness with which the 
anhydride combines with water {Ribett and Sidgwick, J. C. 8., 
1910, 1677). 

An extremely simple method of determining whether the 
double bond is in the ajS-position or not is by an examination 
of the rate of esterification of the unsaturated acid and of 
its saturated analogue by the cataljid^ic method. An a)3-acid is 
esterified much more slowly than its saturated analogue, the 
jSy-isomeride somewhat more readily than the satnra^ acid, 
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and acids in which the double bond is still further removed 
from the carboxyl group have much the same esterification 
constants as the corresponding saturated acids (Sudborough 
and Qittins). 

A method for determining the position of the olefine linking 
in the case of an unsaturatcd cyclic hydrocarbon has been 
worked out by Auioers and Treppmann (B., 1915, 1207, 1377). 
The hydrocarbon formed by the elimination of water from 
phenylcyclohexyl-carbinol (I) should have the structure 
represented by (II), but as it is also formed by eliminating 
water from 1-benzylcyclohexan-l-ol (III) it may have the 
structure (IV): 


(I) 

OH-CilPh ( 'H< 


(HI) 


CIT,Ph(XOH) 



(11) 

'a 

CHPh:C< 


(IV) 

3 

/OH 

CH,PhC" >CH,. 


By the addition of nitrosyl chloride the Cl attaches itself to 
the tertiary carbon atom and the NO to the CH group, which 
becomes transformed into •C:N-OH group, and this on hydro- 
lysis to CO; the final products would therefore be either 
benzoylcyclohexane (V) from (II), or l-benzylcycIohexan-2- 
one (VI) from (IV): 


(V) 


yCO CH^ 

C^H^COCH( >CH,. ^>C; 


(VI) 

xo 


:;h^ 


The actual product isolated was not the known benzoylcyclo- 
hexane, and hence was presumably l-benzyl-cyclohexan-2-one 
and the original hydrocarbon l-l^nzyl-A*^-cyclohexene (II). 
For Stereochemistry cf. Chap. X, B., and L, A8. 


C. Polyenes 

When several olefine links are present the compounds are 
termed polyenes, e.g. dienes, trienes, tetrenes, &c., and such 
compounds may contain both C:C and C:0 or C:N groups. 
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The most interesting and the best-known compounds are those 
in which the double links alt/ernate with single links, viz. the 
conjugated polyenes. There are, however, many compounds in 
which the double links are not conjugated; some of the best- 
known examjiles are the highly unsaturatod acids present as 
glycerides in vegetable and fish oils (Chap. LV). Such com- 
pounds have the properties to be expected from the presence 
of several double links and react with hydrogen, bromine, &c., 
in stages. The existence of several olefine links increases the 
number of possible cis and irmis stereoisomerides. 

1. DEGREE OF UNSATURATION 

It is often necessary to determine the number of olefine 
links in a given compound. This is accomplished by ascertain- 
ing the volume of hydrogen absorbed by a given weight of the 
substance, and if the mol. wt. of this is known the number 
of molecules of hydrogen per gram mol. of substance can 
be calculated and hence the number of olefine links. 

This is necessary w’hen the results of analysis render it 
impossible to distinguish between a formula C 30 H 50 or C 3 o^^ 54 » 
and also in a polycyclic compound when the number of olefine 
links will frequently determine the number of rings present (cf. 
Chap, LXII and LXTV). The method of catalytic hydrogena- 
tion (Chap. XLIX, A.) supplies a simple method for determin- 
ing the number of such links or the degree of unsatoration.’*' 
Fokin (Abs., 19U8, ii, 637) determined the volume of hydrogen 
absorbed by an alcoholic solution of a given weight of the 
compound when shaken with molecular platinum. More 
recently a palladium catalyst on activated charcoal freed 
from oxygen has been used (B., 1924, 1263); in this case com- 
plete reduction occurs at room temperature and pressure in 
a relatively short time. The method is extremely useful as 
other double links, C: 0, C: N, &c., are not reduced and benzene 
rings remain intact, de Kok, Waterman and Wesien (J. S. C. I., 
1936, 225T) describe an apparatus which can be used for both 
volatile and non-volatile compounds. If a platinum catalyst 
on activated carbon is used benzene rings are also reduced. 

The method of determining the iodine yalue in the technical 
examination of oils and fats (Chap, LV, B.) by ascertaining the 

* For a compound of known molecular weight the number of hydro^n 
atoms added will not distinguish between two olefine or one acetylene link, 
but other methods can be used for such differentiation. 
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amount of Id or Bfg added to the oil gives a measure of tiie 
degree of uiisaturation of the oil in most cases, but is useless 
for determining the degree of unsaturation when a^-unsatu- 
rated acids, or acids with conjugated systems, are present. 

2. CONJUGATED SYSTEMS 

This term was introduced by Thiele (1899) for systems 
containing alternating single and double bonds in the carbon 
chain, e.g. butadiene, CIIgiCH-CHiC.'Iiy, but has since been 
largely extended and Robinson gives the following classification 
of conjugate systems. 

(1) Pol^euoid system. This is the common type of alter- 
nate single and double links between carbon atoms. In a 
symmetrical butadiene the two double links are equally active, 
and the 1 : 2-a(ldition products are the same whichever be- 
comes activated. In an unsymmetrical compound, e.g. 1- 
phenyl-butadiene, ClJPh : CH-CHrCII^, one double bond is 
more readily activated than the other, and this particular 

compound gives the 3 : 4-dibromide, CHPh -.CH-CHBr-CHgBr, 
and in all such cases the product formed depends on the 
polarity of the substituents and of the addenda. 

(2) Catio^eiioid system, containing an olefine group con- 
jugate with carbonyl or C-N, e.g. C:C’C:0 or C:C*C:N, In 
these by rearrangement of electrons and links carbon cations are 

formed: > G— C C— 0 as the 0 (or N) 

forms a more stable anion than cation. The stability of 
anions is in the order -CHiO > -GRrO > C‘N > -CCOEtjiO > 
•C(NH,):0. 

(3) Hetero^oid system, containing an olefine link conjugated 
with a hetero atom, 0, S or N, attached by a single link to one 
of the carbon atoms. The O, S or N hetero atom has a lone 
pair of electrons which, in the course of addition, can be used 
to produce a double link between the hetero atom and one of 
the carbon atoms: 

and the extent to which the change occurs depends upon the 
nature of the hetero atom and also upon the substituents 
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present. The order of mobility of the lone pair of electrons 
as given by Kerrnack and Robimoii (J. C. S., 1922, 433) is 

NH > 0 > NHg > OH > OAc> I > Cl, and NIIj^ > C:C NH 
> CO-NH > (C0)2N, and this is the order of diminishing 
strengths of bases. 

The alkylation of ethyl ^-aminocrotonate proceeds as follows; 

NH^CMe^OH-CO.Et NiI,=OMe— CH-CO^iEt; 

NH, CMe— OH COjEt 4 Mo 7 NH, CMe CH Me C( ),Et f I 
Similarly with ethyl acetoacetate : 

CH,~CO— CH,--CO,Et CH,--C(OH) CH— CO,Et with EtONa 

givesO— CXOiy=CH CO,Et +Na and O-^CXCHJ^CHCO.Et 

-► 0--C(CH,)~CH— CO,Et, w}ii(h witli .M(‘T 
gives O- C(CH,)— OHMe— €0,Et. 


(4) Neutralized system, containing both an electron donor 
and an acceptor, e.g. >N — (as in acid amides) or 
— 0 — li=^0 (as in carboxylic acids): 


Of 


NR,=a-0. 


A distinct dipole is formed and the carbonyl character is 
lessened. The formation of the dipole produces association 
and hence the relatively high boiling-points characteristic of 
acids. It also offers an explanation of the fact that fatty acids 


are 


stronger acids than phenol, e,g. (5XcR-^H and Ph— 0— H , 


as the carbonyl group attracts electrons more readily than 
phenyl. It also accounts for the feebly basic properties of 
amides as compared with amines, since the formation of the 
dipole affects both the activity of CO and of NE^. 

(6) Opposed polar systems, Dicationoid and Dioatio-enoid, 
formed by the union of two anionoid groups, e.g. NH„ directly 
or through C:C groups gives the peroxide system and the 
a>diketone and quinonoid systems formed similarly from two 
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cationoid groups, e.g. CO. Maleic acid is a good example of 
the latter type, OH*CO CH:CH*CO*OH, where the crossed 
polarities of the two carbonyl groups affect the stability of 
the C:C bonds and hence tend to produce isomeric change, 
e.g. conversion of citraconic into itaconic acid under the 
influence of alkali. (For further detail cf. Robinson's Lectures, 
p. 29.) 

Formation of Conjugated Systems. — Kuhn (J. C. S., 1938, 
605) gives a summary of methods used for synthesizing con- 
jugated polyenoid compounds, e.g. 1 : 6-diphenylhexatriene III 
is best obtained by reducing cinnamaldehyde I to hydro- 
cinnamoin II, and this with P2I4 in ethereal suspension 
gives III: 

2FhCH:CH CH:0 + 2 H -> PhCH:cri-CH{OH) CH(OH) CH:CHFh 

(I) (II) 

PhCH : CH CH : CH CH : CHPh 

(TIT) 

Another general method is the aldol condensation of an 
unsaturated aldehyde like cinnamaldehyde with another 
unsaturated aldehyde, e.g. crotonaldehyde in the presence of 
piperidine acetate; the product 1-phenyl-undecapentenal 
Ph(CH:CH)5*CH0, readily condenses with benzyl magnesium 
chloride yielding the alcohol, Ph(CH : CH)5*CH(OH)*CH2Ph, 
and this with P2I4 yields the polyene Ph(CH : CHj^Ph. 

A method used for preparing longer chains is the replace- 
ment of the O of a polyene aldehyde by S (or Se) by means 
of HgS (or H2Se) and the removal of the 8 (or Se) by Cu thus 
producing a union of two molecules, 

Ph(CH : cnis-cHO -h. ph(CH : ch),chs 

rh(cu : ch)5CH : ch(ch ; cH)j,Ph, 

1 : 22-diphenyldodecaimdeoene, a violet-black solid. 

Similar aliphatic aldehydes, e.g. CHj^CH : CH)nCHO, are 
formed by condensing crotonaldehyde in the presence of 
piperidine acetate. With n = 5 the product is orange-red, 
and these aldehydes condense readily with malonic acid 
in the presence of piperidine yielding the dibasic acidar, 
CH2-(CH:CH)nCH:C(C02H)2. When n = 8 the product has 
a deep purple colour. 

Addition to (Conjugated Systems. — Thiele drew attention to 
the fact that in many cases of conjugated dienes addition 
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occurs terminally, i.e. in the 1 : 4-positions, and not vicinally, 
i.e. in the 1 : 2- or 3 : 4-positions: 

R CH:cH cii:cim -> k ciix cii:ch chxr, 

and that the product contains an olefine link in the 2 : 3- 
position. He introduced the idea of residual affinities in con- 
nexion with olefine links, and with conjugated systems sug- 
gested that the residual affinities of the central carbon atoms 
are mutually satisfied ^o that only the residual affinities of the 
terminal atoms can be used for attracting addenda and he 
expressed the idea graphically: 

c:cc:c -► c:cr:c 

i i I i t I 

and such residual affinities are equivalent to the incomplete 
electron migrations denoted by the ^ sign of Ingold, 

Numerous examples of I : 4-addition are known: 

Butadiene on bromination gives as final product 1 : 4-dibromo- 
A^-butene, CIIaBr-CHrCH-CHaBr, melting at 54^ (C. R., 
1893, 116 , 723; 117 , 553), but Farmer, Lawrence and Thorpe 
(J. C. 8., 1928, 729) have shown that the first product is a 
liquid dibromide containing much of the 1 : 2-dibromo-A®- 
butene, CHgBr.CHgBi CTIrCHg, which at KXf passes into 
an equilibrium mixture containing 20 per cent of the 1 : 2- 
compound and SO per cent of the 1 : 4-product. 

Cinnamylideneacetic and cinnamylidenemalonic acids on re- 
duction yield 1 : 4-dihydro-derivative8 {Riiber, B., 1904, 3120): 

enPh : CH CH : CH C0,H -> Cll^Ph CH : CH CHg-COaH. 

Compounds with conjugate C:C and C:0 or two *0:0 links 
can also form terminal additive compounds, although benzil, 

4 8 2 1 

0:CPh*CPh:0, when reduced by ordinary methods yields 
benzoin, 0:CPh*CHPh‘0H, pointing to 1 ; 2-addition, yet in 
the presence of acetic anhydride and sulphuric acid the product 
is the diacetyl derivative, OAc*CPh:CPh*OAc, indicating that 
the primary reduction product is the unsaturated diol, 
OH*CPh:CPh-OH, formed by terminal addition of 2H to the 
benzil molecule, and that the benzoin is formed from this by 
the change of the enol into the keto form (A., 1899, 806 , 142): 

OH CPhrCTh OH O : CPh CHPh OH. 
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Many conjugated systems give terminal and not vicinal 
additive compounds with Grignard reagents (Kohler, Am., 
1904-1910). 

Terminal addition is not the invariable rule, as shown by 
the formation of CHPhBr-CHBrCH : C(C02Me)2 from methyl 
cinnamylidene-malonate and bromine (A., 1904, 336 , 223) 
and the addition of potassium hydrogen sulphite to cinnamyli- 
denemaionic acid yielding CHPh:CH-CH(S 03 K)-CH(C 02 H )2 
(Am., 1904, 31 , 243), and a similar reaction with HCN. 1 : 4 - 
l)if)honyI-butadiene forms the vicinyl dibromide, CHPhBr- 
CHBr*CTl : CHPh, a unsaturated aldoximes and ketoximes 
yield unsaturated amines (Harris, A., 1903, 330 , 193): 

r ch:ch ch:n OH + 4H rch : ch ch^ nh^ -f h^o, 

and a^-uiisaturated ketones combine with sulpliinic acids in 
the 1 : 2- position (Am., 1904, 31 , 163). 

It is well known that a/3-unsaturated acids are reduced more 
readily than their /9y-isomers, and this is probably due to the 
fact that the a^-acids contain a conjugated system and ter- 
minal addition occurs, whereas the jSy-acids contain no such 
system : 

R CH:rH C(OH):0 Rdla CHIC^OHb -> R CH^ CH.d 

Similarly the addition of hydrogen or hydrogen cyanide 
to unsaturated aldehydes and ketones is probably a terminal 
addition followed by rearrangement: 

CHa : (;H CH : 0 - > CHa ( ll : CH OH CUs CIIa CH : O; 

CH, : cii CH : o -> cnch,ch : choh cnch, ch^ch : O; 

and the reduction of benzylideneacetone, 

CHPh : CH CMe .* 0 CHaPh CH : CMe OH - CHaPh CH. CMe .* 0, 

is primarily a 1 : 4-addition as the by-product formed is 
always a /9- (not an a-) pinacone: 

CHPhCH : CMeOH CHPhCH^CMe : 0 
ini’li CH: CMe OH ^ inPh CH.-CMetO 

The reduction of sorbic acid (Chap. VI, C.) with 3 conju- 
gated double links has received much attention: 

ciiMe : cipcii : CHC(OH) : o 

0 6 4 9 2 1 

38 • 


(B4S0) 
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(J. C. S., 1928, 1644, 2343; 1929, 2022; 1932, 430). Both 
1 : 4- and 1 : 6-addition occur; the former as the result of 
molecular rearrangement gives A^-dihydro-sorbic acid, 
CHMeiCH CHg CHa-CO-OH,* and the latter the isomeric 
A^-acid, CH^Me CHr CII-CHg-COpH. The 1 : 4-addition is the 
main reaction, especially in alkaline media. By reduction with 
a platinum or nickel catalyst at room temperature and pressure 
the product is mainly A*-dihydro, with some A^- and A^- 
dihydro acids. With Pt some tetrahydro acid is formed and 
slight changes in condition, e.g. age of the catalyst, affect the 
mode of addition. 

By the addition of hydrogen chloride to a conjugated diene, 
e.g. butadiene, the hydrogen combines with a terminal C atom 
(No. 1) and the chlorine with the 2nd or 4th carbon, e.g.: 


ch*:chch:oh/ 


CHa-CHCICHICH* 




and similarly when an olefine link is conjugate with an acety- 
lene link; thus vinylacetylene, CHgtCH'C-CH, gives CH 2 C 1 ‘ 
CH’.CrCHj, i.e. 1 : 4-addition, but the product is unstable and 
yields /3-chlorobutadiene, CHarCH-CClrCHg. /.wpropenyl-acety- 
lene, wobutenylacetylene and cyclohexenylacetylene all yield 
1 : 2-addition products, e.g. : 

CH,:CM© C:CH -► CH, : CMe CJCl .* CH,. 


Hydrogen bromide in the absence of oxygen and in presence 
of an anti-oxidant gives a 1 : 2-additive product; thus with 
butadiene a 70-90 per cent yield of 3-bromo-A^-butene I is 
obtained; whereas in presence of peroxides a 70-90 per cent 
yield of l-bromo-A*-butene II is formed either by direct 
1 : 4-addition or by the rearrangement of the 2-bromo-com- 
pound (Karusch and others, C. and I., 1936, 663): 

CH^ICH CHBrCH,. I 

CH,CH:CHCH,Br. H 


ch,:chch:ch,<^ 


By the addition of HCl at —80® a 75-80 per cent yield of 
3-chloro-A^-butene is obtained (J. org., 1938, 489). 

Liquid hydrogen bromide with vinylacetylene gives a 1 : 4- 


• The C of the CO,H ia termed 1 and the a-carbon 2. 
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addition, but as the product is an unstable allene it isomerizes 
to 2-bromO" butadiene. 

Hypochlorous acid reacts with vinylacrylic acid and sorbic 

f» 4 

acid yielding vicinal additive products, viz. CTr 2 Cl*CH(OH)* 

CHiCH-CO^H and CH8*CHCl*CH{0H)-CH:ClI C02lf, the A*- 
bond remaining intact and the Cl links up with C No. 5 and OH 
with C No. 4 (J. C. S., 1932, 2072). 

Grignard reagents often form 1 : 4-additive compounds with 
conjugated systems {Kohler, Am., 1904-10; Maxim and George- 
sen, Bull. Soc., 1936, [v], 3, 1114). An a^>unsaturated ester 
and a Grignard compound may react so that only the -COgEt 
is involved ; the product is then an unsaturated ketone or an 
unsaturated tertiary alcohol. If, however, the olefine link is 
also involved and 1 : 4-addition occurs, the final product may 
be a saturated ester or else the ketone or tertiary alcohol 
derived from this ester by the further action of the organa- 
magnesium compound: 

U CH:CH C(()Et):0 4 - R'Mgl 

RR^CH CH:C(OEt)-OMgI RR'CH CH*C(OEt) ! 0. 

Characteristic of atoms forming a conjugated chain is their 
alternate positive and negative polarities, as first pointed out 
by Lajmorth (1898), in the case of intramolecular rearrange- 
ments, where a mobile group moves from an a- to a y-position 
but never to a jS-atom, or, generally, in the movement of a 
labile group along a chain of alternate single and double bonds 
the double and single links change places in the path of the 
labile group. Fuson (Chem, Rev., 1935, 1) draws attention to 
the fact that the introduction of one or more vinyl groups, 
•CH:CH*, between CHj and a COgEt group does not affect the 
activity of the CHj. Thus in ethyl acetate and ethyl crotonate 
the terminal CHg group is active as shown by the condensation 
with ethyl oxalate. Similarly malonic ester, glutaconic ester 
and oxalyl-crotonic ester behave similarly with alkylating 
agents or with diazo-compounds and the terminal CHg groups 
in all are similar. 

It is claimed that most of the phenomena met with in 
conjugated systems are explicable on the basis of the elec- 
tronic theory. If the view that the activity of an olefine com- 
pound is due to the reagent activating the unsaturated com- 
pound so that the double link becomes a semipolar link: 
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4. — 

•CH:CH* “> •CII-CH-, then in a conjugated system there is the 
possibility of alternate and " poles: 

— CH : Oil Oil : CH CH : cii — > •( wHic c c. 

1 1: 3 4 f) 6 

If a proton adds on to atom No. 1, then the anion of tlie 
addendum can add on to atom 2, 4 or 6, but most probal)ly 
to 6, When the addition has taken place the activity has 
ceased and the intermediate charges neutralize one another 
and the system CH-C:C*C:C-CA is formed wit h a transposition 
of double links, as compared with the original. It is highly 
improbable, however, that the whole molecule becomes acti- 
vated. Lapworth (J. C, S., 1922, 417) regards activity as occur- 
ring at one bond only, followed by the migration of one of the 
ionic charges, thus developed, to an alternate one with the 
necessary redistribution of covalencies, and this migration is 
indicated by curved arrows which denote the direction of 
movement of the ionic charge (tautomeric effect): 

4- + 

(i)c^c~c=c -V (2)0-c-c=-c -> 


A curved arrow is also sometimes used to denote a shift of 
the double link, in which case it is placed around the carbon 
atom; 


C~0 




giving C — C-- C 0— C . 


Characteristic of all conjugated systems is their ability to 
imdergo valency rearrangements resulting in the transfer of 
an electron from one end of the system to the other. This 
permits of terminal or vicinal addition by the neutralization 
of the opposite changes of an ionized reagent, and it also 
permits of the conversion of a 1 : 2-additive product into 
the 1 : 4-product by a process of isomeric changes in which 
a 4- or — radical migrates between alternate carbon atoms in 
the chain. 

Stereo-isomerism. — Each olefine link in a conjugated system 
is a potential source of ds-tram isomerism; hence with three 
olefine links conjugated the number of isomerides theoretically 
possible is large. So far, however, not more than one pair of 
cis-trafbs isomers has been met with in any such system. 
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Stability of a Conjugated System. — Conjugated systems, as 
a rule, are more stable than their non -conjugated isomers 
as shown by their lower heats of combustion, and hence 
compounds containing two double linkings which are not 
conjugated frequently undergo molecular rearrangement, 
under suitable conditions, yielding isomeric products with 
conjugate linkings. An example is the conversion of limonene 
into dij)entcne (Chap. LVII, Bl). Another is the existence 
of moderately stable enolic forms of jS-ketonic esters with 
a conjugated system, whereas a-ke tonic esters do not form 
enols. Also /9y- unsaturated acids isomerize to ajS-unsatiirated 
acids under the influence of alkalis (p. 187): 

RCH : CTrcH,*c{OH) : o ^ r-ch,ch : chc(oh) : o. 

This equilibrium first established by Fittig has been ex- 
amined in detail by Linstead and liis co-workers, who show 
that the same equilibrium is attained from either side, but at 
quit^ different rates, and that the change is influenced by 
many factors, including the type of the solvent and the charac- 
l^er of the radical R (J. C. S., 1927, 362, 2565, 2579; 1928, 
2343; 1929, 1523, 2498). The composition of the equilibrium 
mixture was ascertained by addition of bromine or iodine (cf. 
J. C. S., 1927, 2565). 

Another example is the conversion of aromatic compounds 
containing the •CH 2 *CH:CH 2 (allyl) into the isomeridea contain- 
ing the -CH : CH-CHg (propenyl) group, under the influence 
of alkali, e.g. allyl-benzene into propenyibenzene, eugenol 
(p, 483) into isoeugenol, and safrole, the methylene ether 
corresponding with eugenol, into isosafrole; in this process 
the C : C of the side chain becomes conjugate with the olefine 
linkings of the benzene nucleus. 


3. RING CLOSURE WITH CONJTUGATED DIENES 

(a) Ring closure as the result of 1 : 4-ad(iition is frequently 
observed. The well-known polymerization of isoprene to 
dipentene (Chap. LVII, A.) is an example. Here the double 
link in the A^-position in one molecule is broken, but the two 
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C Htoms (still attached by a single link) add ou to a second 
molecule in the 1 : ^-position: 


CMo 

H,Cv '‘CH. 
CH 

ijle : CH, 


CMe 

H,C'-^ jcH, 
CH 

I 

CMc : CH, 


(6) One of the most valuable types of ring closure is that ob- 
served when a conjugated system condenses with maleic anhy- 
dride (acraldehyde or even benzoquinone). This reaction has 
value as a method for the diagnosis of such systems, the usual 
reagent being maleic anhydride, and is also a reaction of con- 
siderable synthetic value. The product is invariably a six- 
membered carbon ring — a partially reduced benzene ring — and 
the reaction is termed the Diels-Alder Reaction (A., 460, 98; 
470, 62; 478, 139 (1928-30)). 

CH, CH, 

CH,/ CHCO. Ho/\CHCO. 

+ j| )0 i; : >0 

CH\ CHCO' HCx^'HCO/ 

CH, CH, 


The reaction is the usual 1 : 4-addition to the diene and the 
formation of a 2 : 3-olefine link in the diene. The corn[)ounds 
formed from butadiene and acraldehyde or benzophenone are 
represented respectively by formulae I and II: 


CH, 

HC/^H, 

I II I 

HGN^CH'CHO 

CH, 


II 


CH, CO 

hc/\ch/\(:;h 

5i I il 

HC\^/CH\^/Cn 

CH, CO 


The reaction is also characteristic of cyclic dienes, e.g. 
cycfopentadiene and cyciohexadiene, and also heterocyclic 
dienes, e.g. furane and N-methylpyrrole. The compounds 
formed from cycfopentadiene and cyciohexadiene are given in 

— C’COv 

III and IV, where the bridge •C*C- denotes the [ ^0 group 

from maleic anhydride. — U’0(K 
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CHCH 

CH--CH 
\ 1 

II il 

CH ck 

III HC C C-CH 

\/ 

\/ 

CH, 

CH^ 


IV 


A 

\i/ 


By this method it is possible to synthesize bridged deri- 
vatives with a *CH*CH* in the 1 : 4 -position in cyclohexane. 


The compound from N-methylpyrrole and maleic anhydride 
is represented by V, and that from butadiene and a-naphtha- 
quinone by VI. 

H O 


C’li 




^('FlCOx 
NM( >0 

CH 



Compounds with two or more conjugated diene systems can 
liiiiti^ with two molecules of maleic anhydride, and with com- 
pounds of the type Cgn5*[CH : CHJn'CgHg addition always 
begins at the two ends of the chain. 

In the Diels- Alder reaction a deep coloration is first noted, 
but this disapjyears as the reaction is completed and may be 
due to the first stage of the addition corresponding with the 
attachment of the addendum to one end of the conjugated 
system. 

A condensation or polymerization analogous to the Diels- 
Alder reaction is observed when sodamide reacts with an 
unsaturated aldehyde, e.g. methylcrotonaldehyde, (CH3)2C: 
OH*CHO. One molecule reacts as the enol with the conjiigate 
structrire, CH2:C(CIi3)*CH;CH*OH, and to this the second 
molecule is added, forming: 



H, C(CH3) 

H(CHO)--CH(OH) 



and finally by the loss of water: 

(CH 

(o) Diazomethane (Chap. IV, F.) and substituted diazo- 
methanes, e.g. ethyl diazoacetate, unite with conjugated di- 
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oleJSnes eliminating nitrogen and yielding cyclic compounds, 
e.g. diazomethane and butadiene yield cyclopentene ; 

ch:ch, 

I + CH,Na Na + |, >CHa. 

CHICHa cue 11/ 

For other examples cf. Chap. IV, F., and LVII, Cl. 

Aliphatic diazo-compounds also unite with mono-enes. 
An interesting synthesis of ethyl tVodehydrocainphorate is by 
the action of dimethyl-diazomethane on ethyl muconate (B., 
1937, 2109): 

/(X)jKt 

CPKCH COaEt Oil Cll< 

I Ng + jj 

CH.'CHCOaEt CHC1I< 

'COaEt 


and thujane III has been synthesized from diazomethane and 
ethyl l-methyl-3-isopropyl-A^-cyclopentene-l-carboxylate I by 
hydrolysing the resulting ester II and eliminating COg. 


Me 
I H,C 
H. 


li- 


CO^Et 
CH 

II 


Me 


;o.,Et 


CHMo 




U "CH 


H.C, 




;,CH 


\ 




C.H, 


D. Ketens 

Wilsmore (J. C. 8., 1907, 1938; 1908, 946) has isolated the 
simplest possible ketone, CH 2 : CO, which he terms keten, and 
which may be regarded as a new anhydride of acetic acid. 
It is obtained by the action of a hot platinum wire on acetic 
anhydride; numerous other substances are formed at the 
same time, but a 10 per cent yield can be obtained. Another 
method is to pass acetone (or wopropyl alcohol) over copper 
or through molten lead at 700®-750®; the yield is 38 per cent 
of the acetone used together with 46 per cent of methane and 
16 per cent of carbonic oxide. It is a colourless gas at the 
ordinary temperature, has a characteristic odour, and reacts 
with hydrogen chloride, ammonia, and aniline, pelding acetyl 
chloride, acetamide, and acetanilide respectively, i.e. it is an 
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acetylating agent and in many cases is preferable to acetic 
anhydride as no water is formed: 


R NHj + CHj. CO R NH'CO CH,. 


It is usually passed directly into the compound to be acetylated. 
Aliphatic tertiary alcohols can be acetylated by this method. 
When kept for some time it polymerizes, yielding cyclobutane- 


/CO, 


1 : 3*dione, CH 




CHjj, b.-pt. 126M27°, 


which combines 


with water to acetoacetic acid (p. 259), and with aniline to 
acetoacetanilide (J. C. S., 1910, 1978). The dione constitution 
is not accepted by Schroeter (B., 1916, 2697), who points out 
that true derivatives of the dione differ completely from these 
polymerization products. 

Homologiies of keten, e.g. dimethyl-keten (CH 3 ) 2 C : CO, and 
diphenyl-keten, ( 0 ^ 115 ) 20 : CO {Staudinger, B., 1905, 1735; 
1906, 968; 1907, 1145, 1149; Ott, A., 1913, 401, 159), have 
also been prepared. The method consists in the action of zinc 
on a-bromoisobutyryl bromide and diphenyl -chi oro -acetyl 
chloride respectivel 3 ^ The compounds are unstable and 
readily polymerize. Dimethyl-keten forms stable compounds 
with tertiary amines, and \^dth water, alcohol, or amines gives 
isobutyric acid, its ester or amide: 


CMej.’CO -h HX CHMegM 


.0 

X 


The presence of a keten grou]>, *011 o* CO*, is of great impor- 
tance in the syntheses of numerous cyclic compounds (cf. 
Collie, J. C. S., 1907, 1806). 

The homologues are frequently divided into (a) aldoketens, 
{b) ketoketens. The aldo group comprises keten, its mono- 
alkyl substituted derivatives, and carbon suboxide. They are 
colourless, incapable of autoxidation, and are polymerized by 
pyridine. The keto group consists of the dialkylatijd deriva- 
tives, These are coloured, readily undergo autoxidation, and 
form additive compounds with tertiary amines, such as pyri- 
dine, quinoline, and acridine. These products from dialkyl 
ketens and tertiary amines are stable and have basic pro- 
perties; they contain two molecules of keten combined with 
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one of the base, and the compound with quinoline is repre- 
sented as 

C.H,< I 

\N CH 

(^OCMej-COaVfPj 

(A., 1910, 374, 1). They also form additive compounds with 
substances containing the groupings C:0, C:N and N:N; for 
example, Schiff’s bases and quinones. Diphenybketen and qui- 

CPh. 

none yield the jS-lactone, O : CeH 4 <^ /CO, which decom- 

poses into COg and 0 : CgH 4 : CPh 2 , diphenyl-quinomethane, 
when heated {Staudinger, B., 1908, 905, 1355, 1493). 

In the ketens the carbonyl group has not the same reactivity 
as in ordinary ketones, e.g. it does not form phenylhydrazones 
or semicarbazones. The ketens also react readily with alde- 
hydes and ketones, i.e. R'HC:0 and Rg'CiO, the compounds 
formed are )9-lactoues, e.g.: 

/CR,\ 

R,'c:0 i- RjCICIO R^Cv >0, 

r(\_/ 

which are extremely unstable and decompose into tetra- 
alkylated olefines and COg. 

The autoxidation products are probably I, the compounds 
wdth Schiff's bases II, and with azo-compounds III. 

CMe^-CO CMe, • CO CPha CO 

I T I II I ! in I I 

0 — O CHPh NPh NPh NPh 

The similarity in structure between an aldoketene R*CH : C: 0 
and an alkyl isocyanate R*N:C;0 corresponds with a certain 
similarity in chemical properties (Stewart). 


E. Vnsaturation and Physical Properties 

Unsaturation, especially in the case of compounds with con- 
jugate linkings, produces a marked effect on numerous physical 
properties. The phenomena which have been most closely 
studied are those on the refraction and dispersion of light. The 
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effect of a- conjugate linking fiucb as that in CIIMe : CH CH : 
CHMe, is to produce a considerable increase or exaltation in the 
specific and molecular refraction and dispersion. In the case 
mentioned the molecular refraction is about one unit greater 
than the value calculated from the atomic refractions -f two 
olefine linkings. The existence of such exaltation is frequently 
used as an argument in favour of the presence of conjugate link- 
ings (either two olefine or an olefine and carbonyl) in the com- 
pound examined. In the case of hexatriene, CHgiCH-CH: 
CH’CH:CH 2 , the exaltation is 2*00 units. Exaltation is also 
observed when an acetylene linking is in conjugation with a 
carbonyl group. According to Moureau (Annales, 1906, [8], 
7, 436), and Muller and Bauer (J. Chim. phys., 1903, 1, 1^), 
the exaltation in certain series of compounds increases with 
the negative character of the substituents. Little or no 
exaltation is met with in the case of benzene, furane, diacetyl, 
and similar compounds, although the formula? usually written 
for these compounds contain conjugate bonds. This may be 
due to special symmetrical ring structure. Hetero atoms with 
donor electrons such as N in NHj, 0 in OH, and S in SH when 
conjugate to double bonds also produce exaltation (Eisen- 
Idhr, B., 1911, 3188; Price and Twiss, J. C. S„ 1912, 1259). 
Exaltation is extremely well marked in compounds containing 
conjugate linkings, which, in their turn, are conjugate to the 
ethylene bonds in phenyl groups: e.g. 1 : 4-diphenyl-butadiene, 
CHPh:CH*CH:CHPh, has an exaltation of 15 units; cinna- 
mylideneacetic acid, CHPh : CH-CH : CHC(OH) ; 0, of 10*5 units, 
and diphenyl-hexatriene, CHPh :CH-CH:CH CH: CHPh, of 24 
units {Smedley, J. C. S., 1908, 376). 

The enormous exaltations which phenyl groups produce on 
the molecular refractions of compounds like butadiene and 
hexatriene has been brought forward as an argument in favour 
of KekuWs formula for benzene, as the three nuclear olefine 
linkings, which are themselves conjugate, are also conjugate 
with the olefine linkings in the diene or triene chain. On the 
other hand, benzene and its simple derivatives show little or 
no exaltation, and it is possible that the introduction of un- 
saturated side chains produces a change in the structure of the 
benzene ring itself. 

Some of the most accurate work on unsaturated compounds 
has been carried out by Auwers and Eimddhr (J. pr,, 829 65; 
84,19 37; AuwersmdMoo8brugger,A..y 1912,387, 167 ; Autoers 
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and Ellinger, ibid. 200, B,, 1910, 806; 1911, 3514; 1912, 
2764). They conipurc the cifx'cihc refnictioris x 100, and 
not molecular refractions, and make use of the following 
values for atomic refractions, as determined by Ehenlohr 
(Zeit. phys., 75, 585); CHg - 4-618, C 2-418, H 1, 
0 (in carbonyl) 2-211, 0 (in ethers 1-643, () (in hy- 
droxyl) ™ 1*525, Cl ■= 5*967, Br 8-865, 1 13*900, olefine 

linking = 1-733, and acetylene linking 2-398. They find 
that a single conjugation in a hydroc;irbon produces an 
exaltation of approximately 1*9 units, but that this value 
is reduced to an appreciable extent by the introduction of 
substituents. The amount of this interference de]>ends upon 
the number and position of the substituents. In styrene 
and its ^-substituted derivatives the exaltation is about l-O, 
and when three substituents are present the exaltation is only 
0-45. They conclude that for a given type of compound the 
exaltation is fairly constant, and within such limits the exis- 
tence of the exaltation may be made use of in discussions bear- 
ing on constitution. 

When several pairs of conjugate linkings are present, it is 
found that the exaltation is much greater when these all form 
a single chain (cf. hexatriene) than when they are crossed 

/C:C<r 


as in >C: 






Semi cyclic double bonds (p. 962) and rings formed of three 
atoms, e.g. trimethylene, also produce optical exaltation. 

For effects of unsaturation on optical activity see Frank- 
land and others, J. C, S., 1906, 1854, 1861 ; 1911, 2325 ; Hilditch, 
J. C. S., 1908, 1, 700, 1388, 1618; 1909, 331, 1570, 1578; 
1910, 1091; 1911, 218, 224; Zeit. phys., 1911, 77, 482; Rujpe, 
A., 373, 121. 

Conjugated systems give absorption bands of a particular 
type, viz. of greater intensity and lower frequency than those 
of non-conjugated systems. In hydrocarbons with two or three 
conjugated bonds the absorption is restricted to the ultra- 
violet, but with more than four such links the absorption may 
reach the visible portion of the spectrum, and compounds like 
bixin (Chap. LXIV, A.) and ^-quinone are distinctly yellow. 
The effect of increasing the number of conjugated double 
links on the intensity of the absorption and in displacing 
the absorption maximum towards longer wave-lengths is well 
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illustrated in the series of acids CH 3 (CH :CH)nC 02 H, ere 
n == ] , 2, 3 or 4 {Heilhron^ J. S. C. I., 1937, 163T). This generali- 
zation has also been of value in the study of the carotenoids 
(Chap. LXIV, A.), where the relationship between the positions 
of the absorption bands and the number and character of the 
conjugated unsaturated centres has proved of great value in 
confirming the presence of particular chromophores in })oly- 
euoid pigments of undetermined constitution. 

An aliphatic hydrocarbon must possess 5 or 6 conjugated 
olefine links in order to be coloured, and as 0: 0 has roughly 1*5 
times the value of C:C, the acid decatetrenoic acid is coloured 
an intense yellow, the acid with 3 C:C and 1 C:0 conjugated 
is colourless (cf. Allsopp, P. R. S., 1934, A., 143 , 624). A com- 
parison of camphor (0:0), methylene-camphor (C:0 + C:C), 
benzyl-idenecainfihor (0:0 + 0:04- 0:0), and camphor-quinone 
((+0 -b 0:0) shows a passage from colourless to blue absorp- 
tion. 


F. Acetylenes 

The acetylenes, 8-^® highly unsaturated and, 

chemically, are extremely reactive, and within the last 20 
years acetylene, mainly from calcium carbide, has served as 
a source from which numerous carbon compounds have been 
synthesized, many on the commercial scale. The starting- 
point for many of these syntheses is the formation of acetal- 
dehyde from acetylene: 

CHjCH I HjO CHg OlI :0. 

The usual process is to pass a rapid current of acetylene 
through 6 per cent sulphuric acid to w^hich mercuric oxide is 
added and the whole mechanically stirred at a temperature 
of 60*^- 65"^ when a 95 per cent yield on the acetylene used can 
be obtained. The impure mercury which collects is removed 
and electrolytically converted back into the oxide. 

The acetaldehyde in its turn is used for the manufacture 
of numerous other products including: 

1. Alcohol by process of dehydrogenation with copper 
(Chap. XLIX, C.). The method is not as a rule used in industry, 

2. Acetic add. — ^A 99 per cent pure acid can be obtained by 
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a single fractional distillation of the oxidation liqnor from 
acetaldehyde. For this purpose the aldehyde, often dissolved 
in acetic acid, is aerated at a temperature of 20°-25® in the 
presence of a little (0*5 per cent) manganese acetate, the 
temperature rising to 65° and the pressure to 75 lb. per sq. in. 

3. Acetic anhydride, by the catalytic dehydration of the 
acid using phosphoric acid or sodium metaphosphate at 
150°-200°. 

4. Paraldehyde (Chap. V, A.). 

5. Ethyl acetate. — The polymerization of acetaldehyde to 
ethyl acetate, 2CH3*CHO CHg’CO-O-CHjj'CHj, is readily 
brought about by small amounts of aluminium alkyl oxides, 
e.g. Al(0Et)3, A1 (OBu) 3. Ethyl acetate can also be obtained 
from ethyl alcohol with a copper-chromium oxide catalyst at 
220° and high pressures, the process being one of dehydro- 
genation followed by polymerization. 

6. w-Butyl alcohol. — The demand for tliis alcohol as a 
solvent is so great that the amount supplied by the fermen- 
tation process (Chap. LXIX, B.) is insufficient and it is now 
also manufactured from acetaldehyde in the following stages: 
(1) Acetaldehyde->aldol (p. 154). (2) Aldol->crotonaldehyde 
and water by distillation. (3) Crotonaldehyde -> n-butalde- 
hyde by catalytic hydrogenation in vapour phase. (4) Butalde- 
hyde -> n-butyl alcohol by clehydrogenation in vapour phase. 
This is a fairly general method for preparing alcohols (cf. 
Morgan and Hardy, C. and I., 1933, 518). 

7. Ethylidene diacetate, CH3*CH(OAc)2, is formed together 
with vinyl acetate, CH2:CH-OAc, b.-pt. 73°, when acetylene 
is passed into acetic acid containing 2 per cent SO3 and HgO 
at 50°-G0°. The latter distils over with any acetaldehyde 
formed, whereas the former remains in the vessel. When 
strongly heated, especially with a small amount of a dehydrating 
agent, the diacetate decomposes into acetaldehyde and acetic 
anhydride which are readily separated. The process is used 
on the large scale for the manufacture of the anhydride. 

8. Polymerization of Acetylene. — Aromatic hydrocarbons 
are formed by passing crude acetylene (from methane) over 
activated charcoal or silica gel at 600°-700°. 

Cuprene or carbene — a polymerized acetylene — ^formed by 
treating acetylene with copper by silent electric discharge, 
is a solid, and is used as a substitute for charcoal in the 
manufacture of explosives. 
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9. Chlorinated Products from Acetylene. -Tetrachloroethane, 

ClK'lg'CyHClg, is manufactured by passing chlorine and acety- 
lene up a tower filled with quartz and iron borings over 
which runs a stream of the tetrachloride. It is a heavy 
liquid, b.-pt. 147*2°, known as westron, and is used as a 
solvent for cellulose acetate. It is toxic, attacks metals 
in the presence of moisture, and is generally manufac- 
tured for the production of other chloro-derivatives, e.g. tri- 
chloro-ethylene, C2HCI3, b.-pt. 88°. This is known a.s westrol, 
and is formed by heating the tetrachloro-com pound with 
aqueous ammonia in an autoclave at ]40°-170°, by passing 
ammonia through a mixture of the tetrachloride and water 
at 60°-70°, also by the action of milk of lime or dilute alkalis 
on the tetrachloride. It can also be obtained from acetylene, 
chlorine and hydrogen chloride in one operation, care being 
taken to avoid explosions by using an inert gas and pumice 
treated with metallic salts as a catalyst. It is quite stable 
towards dilute acids and alkalis, but hot concentrated alkalis 
give salts of glycollic acid. It is used in the manufacture 
of phenylglycine by heating an aqueous suspension with 
milk of lime (or preferably alkali hydroxides, carbonates, 
silicates or aluminates) and aniline. The intermediate pro- 
duct is ethylene triphenyl triamine {Sabanjeff's base), which 
hydrolyses to phenylglycine anilide and finally to phenyl- 
glycine: 


PhHNCHv 

I >NPh PhHN CH,*CO NHPh PhHN CHa*CO,H. 
PhHNCH/ 


Trichloroethylene and concentrated sulphuric acid yield 
monochloracetic acid (Chap. VI, D.), and with chlorine it yields 
pentachloroethane, CsHCl^. The trichloro-compound is less 
toxic than the tetrachloride, is stable in the dark, but is usually 
mixed with a stabilizer, e.g. hydrocarbon, phenol or alkyl- 
amine (1 per cent). It is largely used for the extraction of fats 
and oils. Its advantages are its low boiling-point, low toxicity, 
stability, non-corrosive properties, and penetrating power due 
to its low surface tension and viscosity. It is also used for 
cleansing metal surfaces, e.g. before plati^ or galvanizing, 
as a fumigant for seeds, owing to its germicidal properties and 
in textile soaps for removing grease in laundry work. 
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Dichloroethylene, CHC^hOllOi, obtained from tetrachloro- 
ethane and water vapour in contact with iron, zinc or 
aluminium, is a mixture of 2 stereoisomerides (b.-pt. 48*4*^ 
and 603°). 

Perchloroethylene, €2014, b.-pt. 120*8°, is formed by the 
action of milk of lime on pentachloroethane. Its chief uses 
are as a solvent for oil or fat extraction, in textile soap manu- 
facture, and for the treatment of hook-worm and liver 
fluke in sheep. 

Hexacliloroethaiie, perchloroethane, Cgf'le, a solid, melting 
and subliming at 185°, is formed by the action of chlorine 
or perchloroethylene. 

The relationships of these chloro-derivatives are shown a.s 
folio w^s; 

CJL f 2(M., 

Caii x’h Hcn - (’jh i,,. 

an.ch ’ ->(yL(*i,. 

V,]K% -f CI, 

C2IIC4 ~ HCl 

Cot'h Cla 

For physical constants cf. Thorpe’s Diet., Supp. V'ol. I, 

p. 28 . 

10. Ketones from Acetylenes. Acetone from Acetylene.- -A 

good yield of acetone is formed by passing acetylene at 
350°-450° over potassium thorium carbonate on pumice, or 
a mixture of ferric and manganous oxides or rusty iron 
shavings at 500°. Acetone is also formed from acetaldeliyde 
and steam over suitable catalysts, e.g. rusty iron and calcium 
acetate. 

Disubstituted acetylenes and water yield ketones, e.g. tolane, 
CPh-CPh, gives COPh-CHgPh, and phenylpropiolic ester gives 
benzoyl-acetic ester, CgHQ-CO-CHg-COgFt. 

11. Tertiary Alcohols from Acetylenes. — In the additive 
reaction between acetylene and a ketone one H of the acetylene 
becomes attached to the 0 of the C:0 group and the *0:011 
group to the C of the CO. Thus methyl ethyl ketone and 

Me., mi 

acetylene yield 70 per cent of by adding the 

EV \C:CH 

ketone gradually to a suspension of potassium hydroxide 
in ether saturated at —10° with acetylene and passing in 



VINYL COMPOUNDS FROM ACETYLENE 


867 


moro acetylene for 8 hours. By the action of MgSO^ at 2.W 
the tertiary alcohol loses water forming the hydrocarbon 
CHg'CIIiCMe-C-CH with conjugated double-triple links. 

12. Vinyl Compounds from Acetylene {Staudinger and 
Schivalbachy A., 1931, 488, 8). 

Acetylene and hydrogen chloride under pressure give vinyl 
chloride, CHgiClICl, and acetylene and methyl chloride under 
similar conditions yield propenyl chloride, CH 3 -CH:CHC], 
isomeric with allyl chloride. 

Resinous polymerization products are formed by exposing 
gaseous vinyl chloride or its solutions in organic solvents to 
ultra-violet rays or ozone. 

Esters such as vinyl acetate, CHgiCH-OAc, are formed from 
acetylene and carboxylic acids under pressure in presence of 
suitable catalysts, e.g. compounds of Hg, Mg, Sn, Cu, or acetic 
anhydride. 

Vinyl ethers are formed by the action of alcohols under 
pressure on vinyl-sulphuric acid, Cfr 2 :CH‘ 0 -S 03 * 0 H, which 
is ot)tiuncd from acetylene and concentrated sulphuric acid 
at O'" in the presence of HgS 04 , e.g. vinyl-sulphuric acid and 
ethyl alcohol yield ethyl vinyl ether, CHgiCH'OEt, which can 
also be obtained by passing acetylene under pressure into a 
mixture of ethyl alcohol and .sulphuric acid. Some of these 
ethers are used for destroying pests. 

Vinyl acetate, b.-pt. 73®, is manufactured on a large scale, 
as it polymerizes under the influence of light and peroxides 
to valuable resins (cf. Plastics, Chap. LX). 

13. Nitrogenous Compounds from Acetylene. — Acetylene and 
ammonia over bauxite at 350® yield acetonitrile, and by using 
oxides of Zn, Th, Zr deposited on silica gel pyridine bases 
are formed, e.g. a- and y-methylpyridines by using ZnClj and 
quinoline by replacing the ammonia by anibne. 

14. Sodium Acetylene as a S 3 mthetical Reagent.— The 
sodium compound NaH-CH, is extremely reactive and can 
be used for the following synthetical reactions: 

(1) With an alkyl iodide to yield alkylated acetylenes 
RC-CH. 

(2) With COg or Cl-COgEt to give carboxylic acid or ester, 
e.g. with COg a 93 per cent yield of propiolic acid is obtained. 

(3) With acyl chlorides, :R’C0C1, to give unsaturated ketones 
R-C0-C:CH. 

These sodium compounds can be obtained by the action of 
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sodium on mono-alkylacetylcnes or by the action of sodamide 
on acetylenes (C. R., 1924, 178, 777). 

15. Homologues of Ace^lene, RCJCH and RCJCR'. — When 
strongly heated with alcoholic potash ethyl-acetylene, EtC-CH, 
changes to dimethylacetylene, MeCjCMe; but the reverse 
change occurs by heating dimethyl-acetylene with sodium or 
sodamide; thus methylethylacetylene yields a sodium propyl- 
acetylene and some 1 : l-dimethyl-allene. This formation of 
substituted allenes is the chief product when the alkyl group is 
branched, e.g. isopropyl. Conjugated diacetylenes are formed 
by the action of iodine on acetylenic Grigmrd compoimds : 

2CR:CMgI + I* 2MgI, + CRJC CJCR. 

Disubstituted acetylenes are formed by the action of alcohols, 
phenols, or halogen derivatives on carbides: 

CaC, + 2EtOH Ca(OH), + EtCJCEt; 

CaC, 4- 2P}iCl CaCi, + PhCJCPh. 

In the addition of halogens to acetylene derivatives the 
addition is often tram but sometimes ds. Ramaswami Ayyar 
(J. I. I. S., 1935, 123) gives the following nimibers for the 
relative proportions of cis and tram dibromides formed from 
phenylpropiolic acid (CgHg-CH : CII’COjH) in chloroform solu- 
tion; 


cis : trans 

dark O" 3 2 

Acid 

^^yligbt 0-26« 2 1 

darkO” 1 2 

Methyl cater 

daylight 0^25° 1 3 

The addition of HBr to alkylacetylenes is similar to that 
to olefines (this Chap., B.). In the complete absence of oxygen 
normal addition takes place, but in the presence of oxygen 
abnormal addition {Harris and Smith, J. C, 8., 1935, 1572 ; Ymng^ 
Vogt and Nieutoland, J. A. C. S., 1936, 1806). The following 
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Bchemc illuntrates the addition of HBr to n-butyiacetylene: 

CIl-CBu 

\ + 0 . 

CH,:CBrBu CHBrX'HBa 

\+ 0 . + 0 ,/ ^ 


-o.. 

CHaCBraBu 


\ / 

CH.BrCHBrBu 


No action 


As already pointed out a conjugated double and triple bond 
behave similarly to a conjugated diene* 


LII. COMPOUNDS WITH ABNORMAL VALENCY: 

FREE RADICALS 

A. Compounds with Bivalent Carbon 

Carbon monoxide, carbylamines, and fulminic acid, viz. 
0:0, R-N:C, H‘0*N:C, were usually represented as containing 
a bivalent C atom. They are now usually represented as 
having a co-ordinate link between 0 and C or N and C, the 
0 or N acting as donor to carbon: 

C^O, R-N^C, H— O-N^C. 

In each of these compounds the C atom has a lone pair of 
electrons, but in each the outer sphere is a complete octet, 
viz. 4 in uniting C to 0 or N by a double covalent link, a lone 
pair and two in attaching 0 or N to C by a co-ordinate link. 

The presence of this lone pair accounts for the fact that these 
compounds can form additive compounds, e.g. CO gives COCIg 
with chlorine, H*COONa with NaOH, and the unstable formyl 
chloride H-C(:0)C1 with HCl; cf. Oattermann, Synthesis of 
Aldehydes (B., 1897, 1622, and p. 492). 

For carbylamines cf. Chap. IV, C5. Hydrocyanic acid is a 
typical tautomeric substance (cf. Chap. XII, A., and LIII, Bl): 

H— N^C. 
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Fulminic acid, HC’ON, isomeric with cyanic acid, is usually 
represented as the oxime of carbonic ox hie 0" N -()H (iVe/., 
A., 280, 303). 

Its mercurous salt which explodes with great violence when 
heated or struck is largely us(al in the manufacture of })er- 
cussion caps, dynamite cartridges, Ac., and is made by the 
action of alcohol and nitric acid on mercuric nitrate. 

The structure of the acid is largely t)ased on the following 
facts: (1) With one equivalent of ll(’l an additive compound 
is formed which has been shown to be the chloride of form- 
hydroxamic acid, viz. Cl-CTI: N-OH. (2) Mercury fulminate is 
formed by heating the mercury salt of nitro-methane with 
water: CHgiNO-OMe C:N*OMe. (3) With nitrous acid it 
yields methylnitrolic acid, C:N*OH -f II NOg >02N-CH:N-0H. 

The free acid prepared from the K salt and excess of sul- 
phuric acid is very volatile and readily polymerizes. 


B. Free Radicals* 

Waters' definition is Free radicals are complexes of abnor- 
mal valency which possess additive properties but do not 
carry electric charges and are not free ions In another 
chapter (Ethane, I, A.) it has been pointed out that in reactions 
in which it is theoretically possible that free radicals might 
be produced the actual products isolated are compounds 
formed by the union of two radicals, e.g. CH 3 -f- CH 3 == CgHg. 
It is only within recent years that it has }>een proved that 
such radicals containing tcrvalent carbon can exist in a free 
form for comparatively short periods of time. The ready dis- 
sociation of hexaphenylethane, CgPhg, into triphenylmethyl, 
CPha {Gomherg, 1900), afforded the first example of the isolation 
of such a radical. The substance is characterized by its highly 
unsaturated nature and the readiness with which it forms 
additive compounds with oxygen, iodine, ethers, &c. More 
recently the still more intensively reactive alkyl radicals — 
methyl, ethyl, and benzyl — have been prepared by Paneth and 
his co-workers (1929-36). The method consists in heating 
lead tetramethyl or an analogous compound in a rapid stream 
of hydrogen or nitrogen under low pressures (l’5-2 mm.) in a 
quartz vessel. 

• T«nt. Far., 1934, 3, and C. and I., 1939, 679. 
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The methyl radical has a mean half-life of 0*006 sec. or 
0*1 sec. with an inert gas as carrier and a temperature of 
500°. With a quartz vessel the radicals react at the walls 
forming ethane, w'ith hydrogen they tend to form methane, 
and with arsenic, antimony, bismuth, and beryllium in mirror 
form the radicals give the methyl derivatives of these elements 
and the mirror gradually disappears. At room temperature 
trimethyl derivatives of arsenic and antimony are formed 
together with compounds of the type of cacodyl (p. 134), but 
if the mirrors are heated yellow oils, e.g. (A8Me2)2 and (AsMe)3, 
are obtained. So far free, butyl and phenyl have not been 
observed, but free benzyl has roughly the stability of methyl. 
Methyl and b(‘nzyl are also formed by the thermal decomposi- 
tion of acetone and di benzyl ketone. 

Intermediate between Me and Et on the one hand 
and CPhg on the other are the radicals (CPh2Bu(tert)), 
(CPh2-C:*CPh) and (0Ph2*CnPh2), which show reversible 
change of colour with change of temperature. Similar changes 
occur wnth compounds (*CPh2CN)2, [•CPh2(COPh)]2, and 

/CTln 


[00114^ /COjg {L6um\hein and others, B., 1924-30). 


The free radical CHg-CO formed by exposure of acetone 
to ultra-violet light havS a very short life and yields diacetyl 
(J. 0. S., 1937, 567). 

The stability of the radicals is dependent on the simultaneous 
presence of groups capable of attracting and repelling electrons, 
as is well shown by a detailed examination of the compounds 
rR . .COPh-i 

^N*N<f (Goldschmidt and Bader, A., 1929, 473, 

Lr'/ \ J2 


137). 

Compounds like hexaphenylethane which dissociate readily 
arc characterized by having low heats of dissociation, e.g. 
11*5 Kg. cal., as compared with 71 Kg. cal. for less highly 
substituted ethane compounds, and similarly the heat of 
dissociation of a compound >N*N< fully substituted is about 
of that for a non-dissociating nitrogen compound.* 
According to Rice and others (J. A. C. S., 1933, 3898, 4329) 
most organic compounds at 800°-1000° break down in the 


• For i^eneral summary of recent work cf. Pearson^ Rep., 19.14, 240. Free 
Radicals in Solution, Hey and Waters, Chem. Rev., 1937, 169. 
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vapour phase by a process of cracking, yielding simple alkyl 
radicals, e.g. methyl, ethyl. The required energy of activation, 
about 80,000 cal., is roughly the heat of formation of a C — C 
link. 

Free radicals are also formed by photochemical activation 
of vapours of aldehydes and ketones, carbon monoxide being 
liberated. Higher ketones yield olefine and a simpler ketone: 

IV^ CO IV -f Pr“ CO CH3. 

Similar disruptions into free radicals can also occur in liquid 
phase and in solution, but in the latter case the free radical 
may react with the solvent, e.g. benzene or paraffin: 

•R + R'H ^ R^ + RH. 

Methylene with a divalent carbon atom is extremely un- 
stable, and where it might be expected carbon is usually 
deposited, but it is probably formed by the photolysis of 
ketene (J. C. S., 1933, 1533). 

All the above alkyl radicals contain a single free electron; 
the carbon has in its outer sphere 7 electrons, six utilized in 
pairs in attaching the three hydrogens and a lone electron, 
and in this respect they differ from all molecules where, if free 
electrons are found, they are always in pairs. The presence of 
a single free electron gives a definite magnetic moment just 
as in monatomic H. Paramagnetism is regarded as a property 
characteristic of free radicals {Kuhn, 1931). 

Free radicals with short lives are formed probably in many 
photochemical processes, in thermal decompositions and in 
reactions catalysed by organic peroxides such as the poly- 
merization of styrene, addition of HBr to olefines and the cis- 
trans isomerization of olefines. The conversion of alkyl aryl 
ethers into phenols at 240^-250®, e.g. C 0 H 5 ’O’CH 2 ’C 0 H 5 into 
CeH 5 'CJEl 2 'C 5 H 4 -OH, probably involves the formation of radicals 
CjHg-O* and CHg-C^Hg, as in the presence of quinoline the pro- 
ducts include hydroxy-phenyl quinolines and benzyl quinolines. 
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1. TRIPHKNYLMETHYL (HiOUPS OF RADICALS* 

These are of great interest as they are some of the most 
stable tervalent carbon radicals. In 1900 Goniberg (J, A. C. S., 
1900, 767), in attempting to prepare hexaphenyl-ethane, 
CPhg-CPhg, by the action of silver or zinc on a benzene solution 
of triphenylmethyl chloride, CPhgCl, obtained a yellow solution 
from which by evaporation in contact with air a peroxide, 
CPh 3 * 0 * 0 *CPh 3 , was isolated. On evaporation in the absence 
of air an extremely reactive product was obtained, which 
reacted with iodine forming CPhgl, with nitric oxide giving 
CPhg-NiO. The product also gave additive compounds with 
esters, ethers, ketones and certain hydrocarbons (1915, 2569). 
Gomberg suggested that the yellow benzene solution contained 
the triphenylmethyl radical -CPhg although molecular weight 
determinations by the cryoscopic method indicated the 
double formula C 2 Ph^. Since 1900 numerous radicals of the 
same type have been prepared — some in solution only, others 
in the solid state. In the great majority of cases the substance 
contains a tervalent carbon attached to three aryl groups, 
an alphyl (branched olefine type) or thienyl (- 041138 ) or an 
•OAr group. The solid compounds are usually colourless or 
only very faintly coloured, although a few deeply coloured 
ones are known; all yield coloured solutions in neutral solvents, 
varying from yellow to purple-red and tending to increase in 
depth with rise of temperature. At one time it was suggested 
that the colourless solid and the freshly prepared colourless 
benzene solution contained hexaphenyl-ethane whereas the 
yellow solution obtained on standing contained a quinonoid 
isomeride, but the examination of naphthalene solutions of 
hexaphenyl-ethane by the cryoscopic method gave molecular 
weights much less than that required for C 2 Ph 3 indicating 
appreciable dissociation and the isolation of coloured analogues 
of 'CPhg which showed 100 per cent dissociation in solution 
confirm^ Gomberg's view that the colour is due to the for- 
mation of free radicals of the CPhj type. In solutions therefore 
there is an equilibrium, 

CPh^-CPh, 2CPh3, 

which varies with the solvent and the temperature. The for- 


• Chem, Rev., 1924. 123. 
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matiuii of the free radicals accoimts for the remarkable re- 
activity of the yellow solutions with iodine, nitric oxide, 
oxygen, &c. The equilibrium is destroytal by shaking the 
yellow solution wdth air, the CPhg is removed as the peroxide 
(cf. p. 863) and the solution becomes colourless, but gradually 
becomes yellow again as more CPhg is formed. 

The extent of the dissociation is also largely affected by the 
aryl groups present; a compound with a •CgH 4 -CgIl 5 group 
always dissociates into radicals more readily than one con- 
taining 'CgHs, and a comparison of the three compounds, 

I [•CPliyCeIl4Pli]„ II [•CPh(C,H4Ph)j2, III [*C{CeTl4Pli).]2, 

shows that in benzene solutions of fixed concentration I is 
dissociated to the extent of 15 per cent, II to 80 per cent, and 
III to 100 per cent, and at the same time there is a change in 
the colours of the solutions from orange-red in I, red in II 
to violet-red in III. The last also yields dark green crystals 
indicating dissociation in the solid state. Numerous other cases 
of dissociation into radicals of the *CPh 3 type are known, e.g. 
[CPhg a-Nap.Jg, CPhg-CPhgMe, which dissociates into CPhg 
and CPh^Me, and [CPhg-OPha'Ja. 

The introduction of 3 : 4-methoxy groups or of 3 : 4:-methy- 
lenedioxv groups renders the radical more stable (J. C. S., 
1939, 33, 303, and Gomherg, J. A. C. S., 1925, 2392). 

The radicals CPharCH-CPhj*, (CPhg : CH) 2 CPh- and (CPhg: 
CH) 3 C* increase in the order given as regards stability {Wittig 
and Kosach, A., 1937, 529, 167). 

In all such radicals the outer electron layer of the tervalent 
C atom is a septet and not the stable octet and comprises six 
from the 3 covalencies and a single lone electron, not the usual 
pair met with in numerous O, S, N compounds, and in the 
formation of additive compounds with I, NO and Og the 
carbon atom attains the stable octet. 

The CPhg radical forms compounds not only with halogens, 
e.g. CPhgCi and CPhgl, but also with metals, e.g. CPh^Na. 
The sodium compound is best prepared by the action of 
sodium amalgam on CPhgCl. Both CPhgCl and CPhgNa are 
remarkably reactive; the chlorine atom is readily replaced 
by OH and more resembles the Cl of an acyl chloride than of 
an alphyl chloride. Solutions of the chloride in liquid SOg are 
strong electrolytes due to the dissociation, 


CPh,Cl CPh, 4- Cl. 
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Similarly solutions of the sodium compound in liquid am- 
monia are good electrolytes due to ionization, 

CPh^Na ^ Na + CPh„ 

and a solution of hexaphenylethane in liquid sulphur dioxide 
is a conductor due to the formation of GPhg and CPhs ions, 

CPha-CPh, ^ CPha + CPha. 

The dissociation of hexaphenylethane is thus of two types, 
viz. into the free radicals -CPha and into the anions and cations 

-t* 

CPhg and CPhj. Both types may occur at the same time so 
that the equilibrium is a complex one, but on the whole the 
former occurs in neutral solvents such as benzene or naph- 
thalene and the latter in liquid sulphur dioxide. 

The stability of the radical and hence the degree of dis- 
sociation of the substituted ethane depends largely upon the 
complexity of the substituents, e.g. phenyl, naphthyl, di- 
phenyl, &c., and the same holds good in the case of the dis- 
sociation of substituted hydrazines, e.g. NPhg-NPh^, whereas 
the compound CPha'NPhg formed by the union of ’CPha and 
•NPha radicals is extremely stable and shows no tendency to 
dissociate. 

A physical characteristic of all free radicals is their re- 
markably high magnetic susceptibility, and Sugden (Trans. 
Far., 1934, 18) recommends this as a convenient test for a 
free radical. 

Pentaphenylethane, CPhg-CHPhg, tends to dissociate when 
its anisole solution is heated in absence of air, and on cooling 
two -CHPha radicals unite to form s-tetraphenylethane. 

Other tervalent radicals are ‘CPhaOPh, -CPha’ONa, ’CPh 
(OPh)(ONa), &o. (Kraus, J. C. S., 1924, 21 9G). 

It is possible that by the breaking of one of the links of an 
olefine bond to obtain a compound with two free radicals 
attached to one another by a covalent link, e.g. ethylene 
could give — -CHg — dig — . 

Compounds of this type have been obtained in the anthra- 
cene series, e.g. 9 : lO^diphenylanthracene I (higold and 
Marshall, J. C, S., 1926, 3080) in xylene solution is colourless 
when cold, but the colour deepens on heating. The coloured 
solution is highly unsaturated and readily adds on 2Na, 2C1 

( B 4S0 ) 39 
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or 20H by the action of sodium, chlorine or water; in the 
latter case the carbinol II is formed indicating the presence 
of the tervalent C compound III in the coloured solution: 


1 



II C«H,< 


,CPh(OH)s 

CPli(OH) 


i’Ph. 

in 

\ci>h/ 


The photochemical activation of anthracene and the for- 
mation of dianthracene is due to this type of dissociation. 

The 2:3:6: 7-di benzanthracene which is a deep blue com- 
pound forming coloured solutions which do not deepen on 
heating is probably 



with two tervalent C atoms. 

Compounds of the type sodium triphenylmethyl, Na^CPhg, 
are red solids sensitive to oxygen; with water, hydroxylic 
.compounds or aldehydes and ketones which can react in an 
enolic form, they yield the original hydrocarbons, e.g. tri- 
phenylmethane ; with COj acids of the type of triphenylacetic 
acid, and with methyl iodide hydrocarbons, e.g. CH 3 -CPh 3 . 
\¥ith aldehydes or ketones incapable of reacting in the enolic 
forms, the sodium compounds react, yielding alcohols, 

CPh,Na + H CHO CPh, CH, ONa, 

and in many respects resemble Orignard reagents, but are 
much more reactive [ScUenk and others, B., 1914, 1664; 1916, 
608; 1922, 225), and with acid chlorides or esters of the type 
of ethyl benzoate they yield ketones, e.g. /3-benzopinacoline 
CPha-CO'Ph. 

All the coloured metallic compounds of the type of tri- 
phenylmethyl when examined in dry ethereal solution are 
found to be good conductors of the eiectrio current and are 
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presumably ionized. Similarly with the coloured sodium com- 
pounds like sodium benzyl NaCHg-CftH^ and the additive 
compound of sodium and stilbene; whereas the colourless 
compounds lithium phenyl, LiPh, &c., in ethereal solution are 
non-conductors. 


2. METAL KETYLS 

The sodium compounds, e.g. ’CPhj’ONa, are obtained by 
dissolving the metal in a diarylketone in an indifferent solvent 
or by the action of sodium ethoxide on a benzopinacone : 

0:CPh, + Na CPhs-ONa 
OII CPhj CPhj OH 2NaOEt t dissociation 

ONa CPh. CPhj ONa -f 2EtOH. 

Some are best prepared by double decomposition in dry ethereal 
solution between the ketyl Ph’CgH 4 *CPh*OK and different 
ketones, e.g. dimethyl py rone. 

All the metal ketyls are highly coloured. They are ex- 
tremely reactive. Atmospheric oxygen yields the original 
ketone and an alkali peroxide, iodine yields alkali iodide and 
ketone, water yields the ketone and the carbinol CHRj'OH. 
With excess of sodium the ketyls yield disodium derivatives 
PhgCNa'ONa; these are also coloured and react readily with 
oxygen or water, e.g. 

PhjCNa ONa + 2H,0 -► PhgCH OH f 2NaOH, 

and with carbon dioxide yielding acids of the benzilic series 
PhjCNa ONa + 2CO, Ph,qOH) CO,Na + NaHCO,; 

with methyl iodide the methyl ether of a tertiary alcohol is 
formed Ph^CMe-OMe, but this readily decomposes into the 
olefine PhjC'.CHj and MeOH. 

Benzaldehyde, ethyl benzoate and phenyl benzoate react 
with sodium yielding highly coloured metallic derivatives 
{Blicke, J. A. C. S., 1924, 2560; 1925, 229), probably Ph CH- 
ONa and Ph CHNa-ONa. 

The two isomeric compounds, tetraphenyl-m- (and j^) 
xylene dichlorides, CPh 2 CI*C 4 H 4 -CPh 2 Cl, behave quite dif- 
ferently when treated with metals. The jo-compound readily 
yields the y-quinonoid compound I (Thiele and Balhom, B., 
1904, 1463), whereas the i»-compound loses either one or 
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both chlorine atoms, yielding the triphenylmethyl derivatives 
II and III (Schlenk and Brauns, 1915, 661). These facta 
support the view that m-quinonoid compounds are incapable 
of existence. 


CPhjCl cPh^Cl CPha - CPha- 



CPh^Cl cPhj 


For tervalent Silicon Compounds cf. Kipping, J. C. S., 1923, 
2832; 1929, 2545. 


Free Radicals containing Bi- and Quadri- 
valent Nitrogen 


Bivalent , — According to Wieland (B., 1911, 200; 1912, 127; 
1913, 233; 1914, 2113) tetraphenylhydrazine, Ph2N-NPh2, 
dissociates to the extent of 10 per cent in benzene and 20 per 
cent in nitrobenzene, giving coloured solutions of great re- 
activity and, in the absence of air, yielding the following pro- 
ducts: with nitric oxide diphenylnitrosamine NPhg'NiO, with 
sodium the compound NPhgNa, with triphenylmethyl tri- 
phenylmethyldiphenylamine CPh3'NPh2, pointing to the 
presence of the free radical NPhg which may be regarded as 
comparable with N : 0. 

When the benzene solution of tetraphenylhydrazine is 
boiled the products are diphenylamine and iphenylhydro- 
NPh 

phenazine, /C3H4, formed by the condensation of 

^NPh^ 

four NPhg radicals: 


/NPh 

4(CeH,),N -> 2NH(C.H,), -h C,H4<^ 




Negative groups such as NOg militate against dissociation, 
whereas Me, OMe, and NMcj groups facilitate dissociation, as 
shown by molecular weight determination. 

Probably in these hydrazines, as in the triphenylmethyl 
compounds, not only is there equilibrium between the radicals 
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and tbeir polymers but also between benzenoid and quiiioid 
M M 


forms, e.g. PliN : 0eH4< , PhN : 

\ ^NPhg. 

Compounds of the type NRg-NJR* also appear capable of 
existence {Goldschmidt^ B., 1920, 44; 1922, 616; A., 1924, 437, 
194). They are termed hydrazyls and one of the most interesting 
is aa-diphenyl~ p-picrylhydrazyl, NPh 2 *N*CgH 2 (N 02 ) 3 , a stable 
crystalline solid with a colour similar to that of potassium 
permanganate; hydroquinone reduces it to the colourless 
hydrazine and the colour change is so sharp that the free 
radical can be estimated by titration with standard hydro- 
quinone solution. 

Quadrivalent Nitrogen. — Tetraethylammonium, NEt 4 , is 
obtained as a blue liquid by electrolysing a solution of its 
iodidi^ in liquid ammonia and combines with great readiness 
with iodine. 


Quadrivalent Nitrogen or Monovalent Oxygen 


By the action of silver oxide on )3/?-diphenylhydroxylanime, 


rh^ 

Ph/ 


N-OH, an atom of hydrogen is removed and diphenyl- 


nitric oxide, PhgN : 0, is formed and exists in this form in solu- 
tion. Like nitrogen peroxide, NOg, it is very reactive, e.g. 
liberates iodine from acidified potassium iodide, is reduced 
by phenylhydrazine to diphenylhydroxylamine and by stronger 
reducing agents to diphenylamine. Dilute hydrochloric acid 
converts it into a mixture of diphenylamine and qiiinoneanil : 


2Ph2N : O NHPh, + O : CeH 4 1 NPh. 


Kenyon and others (J. C. S., 1926, 1612; 1932, 170) have 
obtained red compounds II by the action of silver oxide on 
a product formed by condensing ^-phenylhydroxylamine and 
acetone, viz. I: 


/CMeCHjCMa, 

■ “Mp. Pti-OH- 


iPb Ph N:0 


‘M: 


II 
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These compounds exhibit paramagnetism. It has been sug- 
gested that these compounds contain quadrivalent nitrogen, 
but as this would give the N atom an outer shell of 9 electrons 
it is more probable that they contain an atom of univalent 
oxygen, e.g. 

Plu Ph. 

not >*N--0 but >N~-»0, 

Ph^ Ph/ 

in which the N has an outer octet and the 0 a septet. 

Other compounds containing univalent oxygen are formed 
by the action of silver oxide on phenols, e.g. guaiacol {Gold^ 
schmidt. A., 1924, 436 , 202). MeO — 0 ^ 114 — 0 — , and their 
solutions are highly coloured. A blue phenanthrene radical 
CeH4— CCl 

I !j exists to the extent of 70 per cent with its 

CeH4— C— 0— 

polymer in solutions at the ordinary temperature. 

The presence of free radicals (e.g. phenyl) by the decom- 
position of aromatic diazo-compounds has been rendered 
probable by Waters (1937). Thus benzenediazoacetate, 
C^Hg'NrN-O’CO-CHg, in the form of its tautomer nitroso- 
acetanilide, yields with w-hexane, cycilohexane, ether or acetone 
a certain amount of benzene, and with methyl or ethyl 
iodides a certain amount of iodo benzene: 

C,H 4 + H— R CeH,; 

+ I—R 

Aliphatic diazo-compounds behave in a somewhat similar 
manner; thus keten is formed from diazomethane and carbon 
monoxide: 

CHjN, + CO->CH,:CO; 

also acetyl benzoyl oxide with benzene gives diphenyl-methane 
and COj: 

C,Hj*CO O CO CH, 4- C 4 H 4 C.Hj CeH, + 200. + CH 4 

and 

PhNIN OPh, 4- OCI 4 Pha + N, 4- PhtO OCV 
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LIII. TAUTOMERISM* 

Attention has already been drawn to certain compounds, 
such as isatin, ethyl acetoacetate, &c., which react as though 
they had two different structures. KekuU himself, 1870, 
suggested that the existence of only one form of each ortho- 
substituted benzene derivative could be explained by a rapid 
oscillation between the two possible forms. In 1877 Butlerqff 
suggested that HCN and HCNO might be equilibrium mix- 
tures, and in 1878 Erlenmeyer pointed to the fact that alde- 
hydes and ketones are formed in reactions where ajS-unsaturated 
alcohols might be expected (p. 91), and suggested that the 
latter may pass over into the carbonyl compounds at their 
moment of formation. Baeyer (1882-83) drew attention to 
the dual nature of isatin, and Laar (B., 1885, 648; 1886, 730), 
in a comprehensive survey of all such compounds, including 
isatin, ethyl acetoacetate, p-nitrosophenyl (== quinone mon- 
oxim), a-naphthaquinone phenylhydrazone (= benzeneazo- 
a-naphthol), suggested that the mobile H atom on which the 
possibility of isomerism depends occupies a position inter- 
mediate between its position in the two isomers. Laar intro- 
duced the name taatomeriam, but several others have been 
suggested such as desmotropism (= change of bonds), dynamic 
isomerism {Lomy)^ but Laar's term is the one generally used. 

In 1896 Claisen obtained two distinct crystalline forms of 
acetyldibenzoylmethane,CH 3 ’CO-CH(COPh) 2 , both of which had 
the same molecular weight in benzene solution. The a-form, 
m.-pt. 81®-85®, is readily soluble in sodium carbonate solution, 
and gives an intensely coloured iron salt with ferric chloride, 
whereas the ^-form, m.-pt. 107®-! 10°, gives neither of the 
above reactions, but on prolonged contact with sodium 
hydroxide solution it dissolves, and on the careful addition of 
acid the a-compound is precipitated, and Claisen suggested 
the alcoholic (enolio) form for the a- and the ketonio structure 
for the )3-compound: 

a*CH,*C(OH) : C((X)Ph)„ i5.CH, CO‘CH(COPh),. 

fie was able to show that either form when heated in alco- 
holic solution or when fused in the absence of a solvent gives 

* Tauicimerimt J. W. Baker, London, 1934. 
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( products from which both a- and j8-compounds can be iso- 
ated. Other ^-a-ketones or ketonic esters behave similarly, 
and in all such cases there are two distinct substances, the 
keto and the enol, each capable of changing into the other 
and often existing side by side in a state of equilibrium, but 
if a reagent is present which can react with the one form only, 
the equilibrium is disturbed and the non-reactive form changes 
over into the reactive until the whole consists of this or of its 
derivative. In the case mentioned above the change is com- 
paratively slow and can be studied, and each of the two isomers 
can be isolated in a pure form. If, however, the change is ex- 
tremely rapid, then it will be possible to isolate the one form 
only, e.g. isatin and hydrogen cyanide. 


A. Keto-enolic Type 

In 1911 Knorr (B., 1138) succeeded in obtaining ethyl 
acetoacetate in two distinct modifications, and was able to 
confirm the conclusion that the ordinary liquid ester is an 
equilibrium mixture of the keto and enol forms — a conclusion 
based on the study of certain physical constants (Chap. LXXI). 

By cooling to —78® a solution of the ordinary ester in alcohol 
and ether in an apparatus specially designed to exclude mois- 
ture and to maintain a high vacuum Knorr isolated the ketonic 
form as well-defined needles or prisms, m.-pt. —39® and b.-pt. 
39®-40®/2 mm. It does not give a coloration with ferric 
chloride, and does not react with bromine solution. Even at 
the ordinary temperature it takes several weeks before the 
equilibrium mix:ture is again formed in the absence of cata- 
lysts, but traces of HCl or FeCl 3 bring about equilibrium in a 
few seconds. The practically pure enol is obtained by sus- 
pending the sodium derivative in light petroleum cooled to 
—78® in a special apparatus, and passing in hydrogen chloride 
just insufficient for complete decomposition. The solution 
when filtered and evaporated at —78® yields the enolic ester 
as a colourless oil, which gives an intense coloration with ferric 
chloride. At the ordinary temperature it requires ten to four- 
teen days to again form the equilibrium mixture, but at 100® 
the change is completed in one minute. By comparing the 
refractive index of the ordinary ester with the values for 
mixtures of known concentration, it has been calculated that 
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the equilibrium mixture contains 7 per cent of the enol (cf. 
Meyer and Willson, B., 1914, 837). 

A chemical method for estimating enols in equilibrium 
mixtures is due to K, H. Meyer (A., 380 , 212; B., 1911, 2718; 
1912, 2843). The enolic modification reacts instantaneously 
with an alcoholic solution of bromine, yielding an unstable 
dibromide, which immediately gives ofi hydrogen bromide 
and forms the bromo-ketone. The best method for estimating 
the amount of enol is to add an excess of the alcoholic bro- 
mine solution, to remove the excess by means of j9-naphthol, 
and then to determine the amount of bromo-ketone by adding 
potassium iodide solution, and titrating the liberated iodine 
by means of standard thiosulphate: 

— COCHlir - + 111 -~CI(OH) CHBr— 

— Ci(OH) CHI— - V — C(OH):CH + I,. 

In this way it has been shown that the ordinary ethyl aceto- 
acetate contains about 7 per cent of the enol, and the same 
results are obtained when freshly prepared solutions in various 
solvents are examined ; but such solutions, when kept, undergo 
change, e.g, a hexane solution when kept for forty-eight hours 
at 18® contains nearly equal amounts of keto and enolic modi- 
fications. A rise in temperature also tends to favour the 
formation of the ketonic form. In a similar manner acetyl- 
acetone has been shown to contain 80 per cent of enol. By 
using this bromine method it is found that during slow dis- 
tillation (6~8 drops per minute) of acylacetic esters the dis- 
tillate contains much enol, whereas the proportion of keto to 
enol in the residue remains constant. This leads to the con- 
clusion that enolization occurs in the vapour phase (Ann. 
Chim., X, 1932, 18 , 81). By using quartz vessels it is possible 
to obtain a distillate of pure enol and a residue of pure keto 
form. 

Solid crystalline forms are not equilibrium mixtures, but 
consist of the one modification only and the mixture is formed 
on solution (B., 1912, 2843). In alcoholic solution acetalde- 
hyde, acetone, pyruvic acid, and acetophenone exist almost 
entirely in the ketonic form, even when sodium ethoxide is 
present. In compounds containing methylene attached to 
two COX groups where X « H, Me, Ph, OH, OMe, OEt, 
NHPh, COgMe, and C 02 Et, the following is the relative order 
of the ©nolizing effect of the radical X : OMe, OEt, OH, NHPh, 

( B ASO ) 29 • 
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Me, rii, COgKt, COgMe. Ethyl malonate exists almost entirely 
in the keto form and the sodium derivative has the enolic 
structure, C 02 Et*CH;C( 0 Na)* 0 Et, but when acidified the 
enolic modification changes rapidly to the keto form. 

The solvent has a marked efiect upon the equilibrium; thus 
the percentage of enolic form in solutions of methyl benzoyl- 
acetate, C^jHfi-CO-CHg-COgMe, is as follows: water, 0*8; 
methyl alcohol, 13*4: ; chloroform, 154; hexane, 69; and the 
same solvent has much the same effect on different tautomeric 
substances. The reaction with bromine appears to be unaff ected 
by light, and in this respect differs from ordinary bromine sub- 
stitutions and from the addition of bromine to unsaturated ajS- 
acids (p. 820). 

Kaufmann and Richter (B., 1925, 216) show that the ca- 
pacity to add bromine is not a characteristic property of all 
enols as it may be suppressed by steric influences or by the 
prcvsence of acylous groups. 

Other methods of c.stimating enols in allelotropic mixtures 
are: 

(a) A colorimetric method based on the reaction between 
the enol and ferric chloride, 

EH ^ FeCl, « FeRa, + Ha, 

where R is the enolic residue. The comparison is made with 
standard solutions prepared by mixing solutions of the pure 
enol with one of sublimed ferric chloride in molecular pro- 
portions. For exceptions see B., 1925, 216, and 1560. 

(5) Ozone (Schei^ and Herald, A., 1914, 406 , 296). This 
reagent has no enolizing action on the keto-enolic equilibrium 
mixture and immediately transforms the enol into an ozonide 
(Chap. XLVIII, G.), but does not attack the keto form. By 
examining and estimating the products formed by the action of 
water on the ozonide the structure of the enolic form and a 
rough estimate of the amount present can be ascertained. In 
most cases the results confirm those arrived at by other methods. 
In the case of benzoylacetone where isomeric enolic forms are 
possible, the results show that in chloroform solution it exists 
mainly as C«H 5 *C(OH):CH*CO*CH 3 , as the products formed 
from the ozonide are benzoic acid and methyl-glyoxal 
CHO CO-CHa. The results with oxalacetone, CHa*CO*CH** 
CO-COgEt, indicate the presence of two mono-enolic and one 
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di-enolic form, viz. CH 3 *C 0 -CH:C{ 0 H)'C 02 Et, CH 3 *C(OH): 
CH-CO-CO^Et and CHa-C(0H):C:C(0H) C02Et (cf. also B., 
1914, 2704). 

In all cases where the composition of the equilibrium mix- 
ture is determined by the action of chemical reagents and not 
from a study of physical constants, the possibility of the 
enolizing action of the reagent employed must be borne in 
mind. It is claimed that substances such as bromine and 
ozone have no enolizing effects, and hence the conclusions 
derived from the reactions should agree with those based on 
physical constants. On the other hand, it is well known that 
alkalis have a considerable enolizing effect,* and the sodium 
derivatives of esters which can react as tautomerides are 
usually represented as derived from the enolic forms. 

Ultra-violet absorption curves indicate a small amount of 
end present in acetaldehyde (C. K., 1927, 184 , 1452). 

Enolization of simple aldehydes and ketones can also take 
place in the pi^sence of cert.ain reagents. Thus the sodium 
derivatives of ketones or aldehydes (p. 161) are represented 
as enolic compounds (Freer). Grignmd reagents favour enoli- 
zation of /S-ketonic esters (Grignard, C. R., 1902, 134 , 849; 
Hej)worth, J. C. S., 1919, 1205), and can produce enolization in 
ordinary aldehydes and ketones (Bhagvcit and Sudborough, 
J, I. I. S., 1919, 187). On the other hand, ZnEtl can be used 
for estimating the enol (Bull. Soc,, 1923, 83 , 1414). According 
to Lajyworth (J, C. S., 1904, 30), the bromination of a ketone 
is preceded by the enolization of the ketone, the enol then 
forms an additive compound with bromine, and hydrogen 
bromide is finally eliminated, 

CHa-CO CH, CHj'QOH) :CHj 

-> CH 3 C(OH)Br CHjBr CHa CO CH.Br. 

Dawson {im. 1909, 1860; 1912, 1503; 1914, 387, 532) 
claims that similar reactions take place during the bromina- 
tion of aldehydes and the presence of mineral acids accelerates 
the bromination by increasing the rate of enolization. 

Aschan (B., 1912, 1913; cf. Smith and Lewcock, ibid. 
2358; Ward, J. C. 8., 1922, 1161) concludes that the same 

• The cnolizinK effect of traces of alkali is well shown in the case of di- 
benzoylacetylmethane. The m,-pt. of the compound when determined in 
Jena glass tubes is 149®-160®, but in soft glass tubes falls to 107®-«1 10° owing 
to traces of alkali in the soft glass produang partial enoUsation (Diechnann, 
B.. 1910, 2203). 
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generalizations hold good for the broraination of acids by the 
HdhV olhard-Zdinsky method (p. 194), as the result of bro- 
minating an acid chloride is a mixture of the acid chloride 
and acid bromide of the a-bromo-acid, 

.0 ,OH /OH 

R CH, (/ ^ -> K CH : R CHBr C^Cl 

R CHBr COCl + R CHBr OOBr. 

The argument, however, is not conclusive, as similar results 
might be produced by direct substitution. The conversion 
of acetyl chloride into acetyl bromide by means of hydrogen 
bromide and the converse change are also probably due to the 
intermediate formation of an additive compound between the 
enolic form and the halogen hydride. 

Meyer {ibid. 2864) has been able to show that the reaction 
between bromine and malonic acid is uni- and not bi-molecular, 
as it should be if the reaction is one of direct substitution. 
The fact that the reaction is uni-molecular, and independent 
of the concentration of the bromine, is in complete harmony 
with the view that the reaction actually measured is the 
enolization CO^H-CHg^COOH -> C 02 H-CH:C( 0 II)a, and that 
the subsequent reactions are extremely rapid compared with 
this. 

Favorski (Abs., 1913, i, 12 ) shows that PCI 5 and PBfs pro- 
duce enolization in the case of certain ketones. The normal 
reaction with PCI5 consists in replacing 0 by Clg, R*CO*R' 
-> R’CClg-R'. In the case of di-isopropyl ketone, however, 
the chief product is isopropyl-a-chloroisopropyl ketone, 
CHMeg-CO-CCIMej. probably formed by the following scries 
of reactions: 

CHMej CO CHMe* CHMe, C(OH) : CMeg 

CHMe, C{OH)CI*CClMe, CHMe, CO CClMe,. 

It is possible that the bromination and chlorination of all 
aldehydes, ketones and acids is not preceded by enolization: 
LeucKs observation (B., 1913, 2435) that in the bromination 
of d-jff-carboxybenzyl-a-hydrindone, 

CH 

c.h/ ‘^>chch,c.h.(;o,h, 

''CO-/ 
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although the monohromo derivative, obtained by replacing 
the H atom of the CH group by bromine, is mainly the racemic 
compound, yet possesses a rotation denoting the presence of 
10 per cent of the (?-bromo derivative, may indicate that the 
whole of the bromine compound has not been formed through 
the intermediary of the enolic compound, as the formation of 
this compound would destroy the asymmetry of the molecule, 
and hence the optical activity. Lajmorth (P., 1913, 289) 

concludes that the bromination may have been entirely by 
means of the enolic compound, and that the small amount of 
d-bromo-acid is due to an asymmetric synthesis (Chap. LXXI, 
15) from the euol in the presence of the unchanged optically 
active keto form. 

It has been suggested that in certain cases of keto-enolic 
tautomerism the hydrogen required to produce the hydroxy 
group does not come from CH or CHg between two CO groups. 
Thus Bruhl represented ethyl diacetyl-malonate by the 
enolic formula I, in which the hydrogen 

CH, : C{OHk OH, : 0(OH) — V 

I X;(CO,Et), II XXCO,Ei), 

CH, : C(OH) CH,CH : c(OH y 

is derived from a terminal CH3 group. This has been shown 
by Auwers and Auffenberg (B., 1917, 929) to be incorrect. 
The monoacetyl derivative has the normal enolic structure 
CH3-C(0H):C(C02Et)2, and when further acetylated gives the 
0-aoetyl derivative CH3*C(0Ac):C(C02Et)2, which is identical 
with BruhVs compound. The proof of the structure of the 
couipounds is largely based on the fact that two different 
products are formed (a) by first introducing acetyl and then 
propionyl, (b) by first introducing propionyl and then acetyl, 
whereas, according to BruhVs scheme the two products should 
be identical, viz. II. 


B. Typers of Tautomerism 

The term tautomerism now covers all cases in which 
balanced actions arise from the interconversion of isomerides ; 
thus on the one hand we have isatin which exists in the one 
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form only and ^-nitro-camphor which passes instantaneously 
into the normal compound, and on the other the change, 

jo-MeO CgH. CHa-CH rCHPh ^ j9-MeO O«H4 CH : CH CH^Ph, 

which is extremely slow and only brought about with the aid 
of powerful reagents, e.g. NaOEt at 85^^. 

The types met with are grouped as follows; 

(1) Dyad system, e.g. hydrogen cyanide and acetylene, 
only 2 atoms in the system. 

(2) Triad system, 

a:bch^ hab:c, 

where A, B and C represent three atoms of polyvalent elements: 

(3) Pentad system. 

(4) Ring-chain system with mobile H. 

(5) Valency taiitomerism. 


1. DYAD SYSTEM 

Hydrogen Cyanide, H— C N ^ H— N C.— Many at- 
tempts have been made to elucidate the structure of this 
compound and of its derivatives, e.g. metallic cyanides, 
nitriles, carbylamines, oyamites, and the corresponding sulphur 
compounds. 

For hydrogen cyanide we have the equilibrium, 

With HCl, EtOH and NHgOH it forma respectively iminoformyl 
chloride (formimido chloride), H-N : CH-Cl, formimidoethyl 
ether, HN:CH*OEt, and formamido-oxime : 

HN : CH NH’OH H,N CH N OH, 

indicating that addition occurs at the C atom only and point- 
ing to the structure H — N ^ C. 

Physical methods for determining the structure have also 
been applied, but the results are inconclusive. According to 
Dadieu (B., 1930, 251, 1657; 1931, 358) the Raman spectrum 
favours the nitrile structure with only 0*3 per cent of the 
isonitrile. 

The ionized metallic cyanides, whether of normal or iso- 
structure, give the common ion O^N. 
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It has been suggested that acetylene may be tautomeric in 
much the same manner as hydrogen cyanide: 

H--C -CJ-H 

a view which has received some support from the fact that 
certain dihalogen derivatives have the structure C — CBrg 
(Lawrie, J. A. C. S., 1906, 489) as on oxidation of the addition 
compound with HI, viz. CBr 2 :CHI dibromoacetic acid 
CHBrg'COgH is formed. Physical evidence, however, does not 
confirm this structure as di-iodoacetylene has a very small 
dipole moment, and hence presumably has the symmetrical 
structure. In the normal structure each carbon atom has the 
stable octet of electrons, whereas in the iso-structure one carbon 
has a sextet only, including the pair of unshared electrons, 


2. TRIAD SYSTEM 

General expression, A : B-CH ^ HA‘B :C. 

(a) Three carbon system, where A, B and C all represent 
carbon atoms. Cases studied in some detail are: 

(i) NEtj CHj CH : CH NMeEt, ^ OTt, CH : CH CH.dbleEt,. 

The two compounds are relatively stable as salts, but with 
alkali (alcoholic NaOEt) an equilibrium mixture is formed 
(J. C. S., 1931, 1666). 

(ii) Substituted diphenylpropene system, e.g. the p-methoxy 
compound, can exist in two forms, OMe‘CeH 4 -CH 2 ‘CH : CHPh 
and OMe’C^H^’CHcCH'CHjPh, which are relatively stable, 
but under certain conditions, e.g. NaOEt at 85°, an equilibrium 
mixture of the two is formed (J. C. S., 1922, 2^1; 1929, 447). 

(5) K^eto-^ol system, >CH C:0 >C:C'0H, with two 

carbon and one oxygen (cf. this Chap., A.). 

(c) systm, with two carbonsand one nitrogen, 
>CHC:NE ^ >C:CNHR. 

1 I 

(d) Methyleneaxomefhine sjrstem, also two carbons and 
one nitrogen, >0H-N:CB ^ >0:N'CHR. 
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(e) Amido-amidol system, with one carbon, one oxygen and 
one nitrogen, NH-C:0 ^ N:C*OH, the ordinary lactam- 
lactim tautomerism (cf. p. 520). 

(/) Amidine system^ with one carbon and two nitrogen 
atoms, NHC:NR^N:C*NHR. 

Ingold (J. C. S., 1923, 1717) has drawn attention to the 
similarity between these types of tautomerism and various 
additive reactions, the main difference being that in the latter 

the addenda are derived from a different molecule and in the 

+ nx 

former from the same molecule, e.g. A:B->AH*BX and 
A:B*CH->AH-B:C. 

System {a) is compared with the Michael addition, 
RH + C:C -> RC-CH; system (b) to the aldol reaction (Chap. 
IX, C.), RH + C:0 -> RC-OH; systems (c) and (d) to the 
Thorpe reaction, RH + CJN -y RC:NH; system (e) to the 
aldehyde ammonia addition, and system (/) to the hydro- 
benzamide formation, NH + C:N N*C'NH. 

Ionization and Tautomerism. — The ease with which many 
tautomeric compounds yield stable metallic and alkyl deri- 
vatives points to a similarity to phenols and acids, i.e. to 
ionizable compounds. Goldschmidt and Messier (1890) were 
the first to suggest that ions play a part in tautomeric changes 
occurring in the presence of electrolytes, e.g. the formation 
of sodium compounds, and subsequently Walden (1891) and 
Mulliken (1893) proved that compoundB of the ethyl aceto- 
acetate type have measurable but small electrical conduc- 
tivities, Wt that ethyl o-nitrobenzoylmalonate, NOa-CgH 4 * 
C 0 *CH(C 02 Et) 2 , has the properties of a strong monobasic 
acid. These views were accepted by Knorr and by Wislicenus 
(1898) in their reviews of tautomeric phenomena. At the 
present time all tautomeric changes of the triad type are re- 
garded as primarily ionic, and only after release of a cation 
or an anion does molecular rearrangement occur in the com- 
plex anion or cation so formed. Lowry (1905) suggested the 
term ionotropy to embrace all such changes, and later Ingold 
(Rep., 1927, 106) advocated the use of cationotropy for all 
cases where a simple cation is eliminated and the change 
occurs in the relatively complex anion. The most common 
.... 

type of cationotropy is the elimination of a proton (H), and 
all cases of this type ca» be grouped under the heading 
prototropy. Cases where a simple anion is eliminated and the 
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change occurs in the resulting cation are grouped together 
under the term anionotropy. This type is far less general than 
the cationotropic type, and its study dates from 1928. For 
cationotropy the general expression is: 

Y - Z-U ^ M + X- Y- Z 

- - It 

MX ~ Y « Z ^ M + X - Y « Z, 

where X, Y and Z are polyvalent elements and M a univalent 
metal atom. By replacing M by H the proto tropic type is 
formed. 

For anionotropy, 

X -Y-ZA ^ A + X-Y~Z 

- ^ 1t 

AX - Y - Z A + X ~ Y - Z. 

When and Ajg represent the velocity constants of the 
direct and reverse reaction, then itj -f fcg denotes the rnobilily 
and kjjk^ the equilibrium. 

Mobility, — For a reversible reaction of the let order, 

4- it, - l//log,{€/{€ - X)}, 


where x is the change of the original tautomer at time t and 
c is the value of x at equilibrium. 

The factors which affect mobility may be either mterncd 
or externoL 

Internal factors, i.e. structural factors. One of the most 
important is the presence of a group or groups with a high 

aflSnity for electrons, e.g. the ammonium ion NR 3 and the 
carbonyl group, R — C“0. Another important factor is the 

provision of a suitable seat for the residual negative charge 

on the anion left after removal of a proton. The R 3 N group 
fails in this respect as compared with carbonyl (Ingold, J. C. S., 

n* 

1931, 1666). In the carbonyl group, C 0=0, the inductive 

effect (Chap. XXXV) assists the ionization of a hydrogen 
atom in an adjacent methylene group and at the same time 
the more important electromeric effect not only assists ioniza- 



882 


LIIl. TAUTOMEJaSM 


tion but provides a seat for the residual anionic charge. In 
carbonyl compounds, — CR~-0, the comparative mobilities 
will depend on the nature of R, which may either amplify or 
diminish the electromeric displacements. The group — COgKt 
has a marked enhancing effect as it itself is an electron-attract- 
ing and an activating group for prototropic change. If, how- 
ever, R tends to release electrons ( + T effect) it has a retarding 
effect, 



as both processes b and c tend to compete in supplying elec- 
trons. The groups R, arranged in order of diminishing electron 
release, are: C02Et, H, Me, Cl (acid chloride), OR (ester), 

NHg, 0 (acids), and this order agrees with many of the cases 
of tautomerism examined, e.g. the two acids 

* A'H.CH, 

CH/ : CH-CO^Il ^ CHj CO.H 

are relatively stable, and for interconversion require hot alkali. 
The corresponding esters and even acid chlorides are readily 
changed, and the corresponding ketones (COMe in phice of 
COgH) are so labile that in their preparation from the acid 
chlorides by means of CH 3 *Mg-I the same equilibrium mixture 
is formed whichever chloride is used. 

The -CN group is one of the most powerful activating groups, 
e.g. allyl cyanide passes extremely readily into crotononitrile 
in the presence of alkali, 

CH, : CH*CHj, CN CHj CH .* CH CN. 

The terminal combination, >C(CN)‘C02Et, as in a-cyano- 
esters provides an extremely mobile prototropic system as illus- 
trated by the action of alkali on alkylated jSy-unsaturated 
a-cyano-esters when by the loss of COj a-alkylated a)5-un- 
saturated nitriles are formed. 

The position of a substituent is also of importance. Its 
effect (either ±1 and ±T) is most marked in the a-position. 
In the j8-position the influence is much less marked as the 
±I effect is only of the second order. In the y-position the 
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effects are smaller, but the effects are much the same 
as in the a-position. 

External factors. The dielectric constant of the medium, 
i.e. its ionizing power, is an important factor in determining 
the mobility of the system and catalysts can also facilitate 

mobility; for prototropic systems the most effective are OH 

and OEt, which are strongly proton attracting. The order of 


decreasing catalytic effects for the aikyloxide ions is OBu (tert.), 

OPr (iso), OPr (n), OEt, OMe (cf. J. C. S., 1929, 447 ; 1930, 968). 

Equilibham. — The effects of various groups in different 
positions have been examined in the three carbon triad proto- 
tropic system : 

a- 

pojiition 

a)l-compound favoured . . I, - T 

^y-compound favoured . . -hi 

Among external factors temperature and nature of vsolvent 
are important. Solubility also plays an important part. For 
the keto-enol type the following holds for all solvents: 


S- V- 

IX)S]tion position 

+ I + I 

-I, T -L -T 


C. 

C* 


X 


u 

u 


ooliBtant, 


where 0, and are respectively the concentration at equili- 
brium and the solubility of the enol in the given solvent, and 
Cjt and L* are the corresponding values for the ketone. For 
a 2 per cent sodium chloride solution of ethyl acetoacetate 
the value is 0*4/99*6 x 11*6/0*5 = 0*09. For a solvent in 
which both forms are equally soluble the ratio is represented 
by the actual concentrations. 

For determining concentrations both physical (Chap. LXXI) 
and chemical methods can be utilized. For precautions when 
using chemical methods cf. this Chap., A. The common 
method for keto-enol tautomers is Meyer's bromine method. 
A reaction of a somewhat similar type has been used for 
estimating the amount of /Sy-unsaturated acid or ester in a 
mixture with the tautomeric a/8-compound, as the latter 
reacts remarkably slowly with bromine and hence the amount 
of bromine used gives a measure of the ^y-compound present 
in the mixture (Linsteadt 1927). 

Sdkoppe and others (J* C. S., 1930, 968; 1931, 1226) have 
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made a study of ay-diphenylpropone systems and ay-dipheuyl- 
inetliylcneazomethine systems, 

kx 

RCeH.cn :x nv,u,vu.yx:v\\ c\}\,, 

a form A, b form 

where X - CH or N and R -= NR.,, NIR, Me, OMe, I, H, 
Br and Cl. 

For relative increasing mobilities the order in both cases, 
i.e. X = C(C02Et) and N is the same, viz. NMcg, Me, OMe, 
I, Br, Cl, which corresponds with increasing order of + 1 effect 
as indicated by dipole moments. 

A comparison of the above compounds with the above sub- 
stituents (and also NOg) in the meta- and ^am-positions show's 
that the w-compound have much greater mobilities than the 
isomeric p-compounds. The ratio, however, is not fixed, but 
falls from 11*2 for NMcg to 1*1 for I. 

When equilibria are examined the order for decreasing 
amount of the a form is as follows: NMcg, OMe, I, H, Br, Cl, 
Me. This proves that the tautomeric change is not primarily 
due to the I factor as the above order starts with strong +1, 
diminishes, and finishes with —I. All the intermediate groups 
are of the type -f I, 4 T, and the T factor appears to be the 
important factor controlling equilibrium. The conclusion has 
been drawm that, as +T favours availability of electrons, the 
important stage in the change (tautomeric) is the reassociation 
and not dissociation (Baker, pp. 88-91). 


3. PENTAD SYSTEM 

The common pentad type is that in which a *00211, COgEt, 
or COMe group is introduced into the three carbon triad type, 
e.g. CH3*CH:CH*C02Et. These are often regarded as the 
triad type, but are really pentad systems as the carbonyl also 
affords a seat for the negative charge. A group of compounds 
which has attracted much attention is the glutaconic acid 
group, A^-propene-1 : 3-dicarboxylic acid, C02H*CH : CH*CH 2 * 
CO 2 H. Thorpe (1913) concluded that this acid had a sjnm- 

metrical structure, COjH'CH'CH-CH'COgH, as its 1- and 3- 

- 

monoBubstituted derivatives appeared to be identical, and 
also the 1 : 2- and 1 : 3-dimethyl acids. Subsequent work by 
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Kon^ Linstmd and others has shown that the substituted 
glutaconic acids behave as true tautomeric compounds and 
that the passage from the ap- to the ^y-structure occurs under 
the influence of certain reagents, and that the various isomers 
are all true ethenoid compounds derived from either COgH* 
OR:OH CH 2 -C 02 H or COaH-CHR-CHrCH-COgH, and in either 
cis or trans configurations. The resolution of 1 : S-dimethyl- 
glutaconic acid into optical antipodes at once demonstrated 
the impossibility of the symmetrical structure of this acid. 
The mobility of the glutaconic acid system was demonstrated 
by Feist who showed that the products of ozonolysis of ethyl 
a-methyl~j3-phenyl-glutaconate are ethyl pyruvate (1), ethyl 
benzoylacetate (2), ethyl a-bcnzoylpropionate (3), and ethyl 
glyoxylate (4) (isolated as oxalic acid). 

COaEt CHj Cn'h ! CMe COaEt MeCO-CO^Et + PhCO OH-j COjEt 

% 

COjEt CHICPh CHMe COaEt ■ PhC(>CHMe CC)*Et + CHO CO^Et. 

( 8 ) ( 4 ) 

In the case of a-benzyb)5-methyl glutaconic acid the four 
ethyl esters m-ajS, trans-ap, cis-^y, and trans-^y have all 
been isolated. 

The compound ethyl 3-methyl-A*-ct/cZopropene-l : 2-dicar- 
boxylate (I) shows no tendency to pass over to the possible 
tautomeric form 11. 

/CH'COjEt /C'COaEt 

I CMe/ I II CllMeC || 

^CCOjEt ^C'COjEt 

A pentad system containing nitrogen is found in the tauto- 
merism of aj3- and j8y- unsaturated nitriles, e.g. allyl cyanide ^ 
crotononitrile (cf. p. 882), where the aj5 form is the more stable. 
The same applies to cyclic unsaturated nitriles, 

(CHj)n-C:CR-CN ^ (CH,)n C CHR CN, 

V V 

where as much as 90 per cent of the ajS form is present in the 
equilibrium mixture (jfiTon, Rep., 1932, 136). 
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4. RING-CHAIN SYSTEM 


This is the name given to a tautomeric system where the 
one form is cyclic and the other acyclic. The various types are: 

(a) Three carbon system. 

(b) KetO“Cyclol system. 

(c) Keto-iactol system. 



(6) RJl,C<^ 


COCO«H 


CHa‘CO,H 


G(0H)C02H 




The last type is important as it includes the passage of 
acyclic sugars into the cyclic forms (pyranoses) (Chap. LVl, 

An example of (a) is met with in the condensation product 
II of ethyl A^>propene-I : 1 : 3 : 3-tetracarboxylate I under the 
influence of piperidine {Michad reaction), 

(CO,Et),CH CH : C(CO,Et), (CO,Et)2CH CH CH(CO,Et), 
(COaEthCH-CHrqCOjEth (CO,Et)3C CH:C(CO,Et), ' 


this product passes over into the eyeZobutane ester III, 
III (CO,Et)3CH CH C(CO,Eth 

(CO,Et),C— CHCH(CO,Et)„ 


so that the equilibrium mixture contains 80 per cent of III 
and 20 per cent of II. 

An example of ring-chain tautomerism is met with in anthra- 
cene derivatives, e.g. the interconversion of anthrone into 
anthranol (cf. Chap. XXXII, A.). 


O OH 
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A number of di hydroanthracene derivatives have been 
examined by Barnett and others (B., 1927, 2353) and Cooh 
(J. C. S., 1928, 2798), 


PhlK.’ a PhXIiC Cl 



where X *= OH, OMe, OAc. 

In these compounds there is a great tendency to pass over 
into the bridged ring state. 

When X = OH, both cationotropic and anionotropic 
tautomerism occurs, the former by alkalis (OH) and the latter 
by strong acids (H3O). 

OHjPh CHPh CHPhOH 



6. VALENCY TAUTOMERISM 


In all these cases there is no wandering of a hydrogen or 
other atom, but merelj^ a redistribution of the valencies. There 
are two types: (a) Ring-chain; (b) Intra-annular. 

(a) Ring-chain , — The one form is acyclic with two olefine 
links and the other a bicyclic compound, 



The best examples are met with in the phorone (p. 161) group. 
Phorone itself has the unsaturated structure I as shown by its 
bright red colour, its normal parachor value (Chap. LXXI, H2), 
its formatibn of a tetrabromide, its reduction to di-iso-butyl 
ketone, and its oxidation to acetone, oxalic acid and carbonic 
anhydride. On the other hand, the dibromo- and the hydroxy- 
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derivatives of phorone have the cyclic structure, e.g. the 
bromohydroxy compound II, 


I CO< 


CU : CMo, 
: CMcj 


n ax 


yCBr ~ CMe, 


With some of the hydroxy comjjounds another type of tauto- 
raerism comes into play, viz. that between the dicyclic hydroxy- 
and the monocyclic keto-form: 

XH CMca 

CO< I I ^ HO-C/ I 
-C(OH)CMe, HX)(:Me 3 


(For methods of deciding structure cf. Ingold and ScJioppe, 
J. C. S., 1928, 365.) 

(b) Intra-ayinular . — Both forms are cyclic, the one form 
has an unsaturated monocyclic structure and the other a 
dicyclic structure. An example which has been closely studied 
is that of the monobasic acid I, which can react in the tauto- 
meric form II (Farmer^ Ingold and Thorpe^ J. C. S., 1922, 128). 


I CMe*^ 






II CMe- 


/ 


H- 


-COH 

z 


C(CO,H):CH 

I 

^ COH 


As enolic compounds these are in equilibrium with the 
corresponding ketones, viz. I with III and II with IV, 


III CMe 3 < 


Ijh io 


IV CMe*' 


/C(C03H):cii 

< I 

XJH, CO, 


so that the acid can exist as a mixture of all four forms. The 
products of oxidation with ferricyanide, viz. caronic acid V 
and dimethylaconitic acid VI, 

/CHCO,H /CCCOJl) : CHCO 3 H, 

V CMe/ I VI CMe/ 

XJHOOgH 

indicate structures I or III and II or IV. The formation of an 
isonitroso compound indicates the presence of the CHa^CO group, 
and the isonitroso compound on hydrolysis yields a diketonic 
acid which on oxidation with HgOa yields dimethylaconitic 
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acid and hence has the structure CMe. 


^C(C02H):CH 


2 \ 


The 


-CO 


stable form of the original monobasic acid thus appears to 
have the unsaturated ke tonic structure IV. 

When the corresponding 1 : 2-carboxylic and 1:2:4- 
tricarboxylic acids are examined, the stable form appears to 
be the enolic as it gives a yellow colour with ferric chloride, 
forms no isonitroso compound, its ester is readily alkylated, and 
on oxidation it yields much caronic acid. The dibasic acid 
appears to be a mixture of two enolic forms corresponding 
with I and II, and the tribasic acid mainly type 1. 

The stability of the bicyclic type is largely due to the pre- 
sence of the gem dimethyl group, and if these are replaced by 
hydrogen or even by the cyclohexyl group, the stable types 
are II and IV. 

Ingold has studied similar phenomena in six-mem bered 
carbon rings. The action of sodium on ethyl ethane- aaa- 
triacetate acid I by the elimination of ethyl carbonate gives 
the cyclic butanone ester II, and this by elimination of EtOH 
gives the bicyclic compound III. 


CH. CMeCH.CO.Kt 

CHjCMeCHj 

1 1 

II J 1 

CO^Ki, CflaCOaEt 

CO • CHj 


Mo 

1 1 1 

IV hAh 

CO • c:h -CO 

HO V JOK 


H 


The product actually isolated is orcinol IV, which can be 
regarded as formed from III by keto enolic followed by intra- 
annular tautomerism: 


m 


Mo 


H 

HO 




H 

OH 


IV. 


>CH«-CO 


IsophoTone, CMeg^^ is another example in 


CHa-CMe^ 


which three types of isomerism are involved: (a) The 3 carbon 
py type; (6) the keto enolic; (c) intra-annular. 
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Trans annular valency tautomerism. Clar and John (B., 
1932, 503) depict anthracene as tautomeric in the sense that 
the o-quinonoid form I can pass into the diradical form 
(R) II, where the meso carbon atoms are represented with 
free bonds or as tervalent : 


I 





This would account for the reactivity of the meso-positions. 
The R form is comparable with triphenylmethyl, and it is 
found that 9 : lO-diarylanthracenes, although colourless, give 
yellow solutions, and the intensity of the colour deepens 
with rise of temperature. 

Similar tautomerism can occur with 2:3:6: 7-dibenz- 
anthracene III, which is coloured and remarkably reactive, 
whereas with the isomeric 1:2:5: 6 -dibenzanthracene the 



benzenoid structure appears to be the stable one as it is colour- 
less, yields colourless solutions, and is not so reactive. 


LIV. ISOTOPES OF HYDROGEN AND OXYGEN: 

DEUTERIUM COMPOUNDS 

A. Heavy Hydrogen 

The recognition of an isotope of hydrogen with an atomic 
weight of 2 and the isolation of heavy water DgO from ordinary 
water have led to the preparation of typical carbon compounds 
in which hydrogen is more or less completely replaced by 
deuterium, e.g. CD 4 , C^jD*, CHj’CO^D, C^HaDj, C^D^, 4 c. 
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It is obvious that the number of such compounds is enor- 
mous, as in many cases where several hydrogen atoms are 
present these can be replaced atom by atom. 

It may be stated in general terms that the deuterium com- 
pounds closely resemble the corresponding hydrogen com- 
pounds in chemical properties just as DgO closely resembles 
water, and even in physical properties there is remarkable 
similarity, the deuterium compound frequently having a 
boiling-point or a melting-point differing by only a few degrees 
from that of its hydrogen analogue. 

The following are a few typical deuterium compounds: 

Deiiteromethane» CD^, can be prepared from heavy water 
and aluminium carbide, AI4C3. 

Deuteroacetylene, CjDg, from calcium carbide and 93 per 
cent heavy water. 

Deuterium cyanide, from deuterium chloride and potassium 
cyanide, has a b.-pt. 10° and a m.-pt. 2° higher than hydrogen 
cyanide. 

Hezadeuterobenzene is formed from benzene and heavy 
water on a nickel Kieselguhr catalyst at 200°, the operation 
being repeated four times. It is also formed by polymeriza- 
tion of CjjDg with a tellurium catalyst, also by the action of 
DCl on benzene in the presence of aluminium chloride or by 
the action of heavy sulphuric acid on benzene when there is a 
progressive migration of deuterium into the nucleus. It has 
m.-pt. 6’8° compared with benzene 5*5°, and b.-pt. 79-3° com- 
pared with benzene 80*12°. It has, however, a smaller refrac- 
tive index but a higher specific gravity. 

Acetic deutero acid, GH3*GOsD, from silver acetate and 
DGl, has m.-pt. 13*3°, a conductivity 10*^K == 0-59 (cf, acetic 
acid 1*34), and there is no tendency for the D atom to replace 
any of the hydrogens of the methyl group. 

Pentadeutmpbenylcarboxylic acid, CJi)i^COjaL, by the action 
of carbon dioxide on pentadeuterophenyl magnesium bromide 
and subsequent acidification; 

C*D* Mg Br + CO, 4* H,0 G,D, CO,H + Mg(OH)Br. 

It has m.-pt. 120*9° and at 18° is slightly more soluble in 
water than benzoic acid. Its molecular heat of combustion is 
761380 kilo cal. as compared with 771400 for benzoic acid. 
The dissociation constants of the two acids are practically the 
same. 
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Dideuteromalonic deutero acid» 01)2(002! ))2, from carbon 
suboxide and heavy water, 

0,0, + 2D,0 CD,(CO,l))„ 

has a b.-pt. 6® lower than that of malouic acid, and when 
heated at 140°-150° Joses carbon dioxide and yields trideutero- 
acetic deutero acid, ODg-OOgD, with m.~pt. 15*75° (acetic 
16*6°). 

Octadeuteronaphthalene, C^oDg, obtained as a by-product 
in the polymerization of deuteroacetylene, has m.-pt. 77*5° 
compared with naphthalene 80°. Other products formed are 
decadeuterofluorene and decadeuteropyrene (Clemo and Robson, 
J. 0. S., 1939, 429). 

Pentadeuterophenylbenzylamine, CeDr/0H{NH2)0gH5, is 
formed by the following series of reactions; 

C^H^ COCl + C,De -> CeHjj CO C.D, 

CeH5 C(NOH) CeT)5 -> C,H, Cn(NH,) C,D, 

(Clemo and McQuillen, J. C. S., 1936, 808). 

Catalytic deuterization of hydrocarbons occurs when a 
hydrocarbon and deuterium are heated to a moderate tem- 
perature in presence of paliadinized palladium. Ethylene, 
cyclohexane and n-hexane react readily, the half-time period 
for cyclohexane is 11 mins, at 97° and for n-hexane 3 mins, at 
124° (Trans. Far., 1937, 678, 827). 

Ingold and others (J. C. S., 1936, 1613) have studied the 
deuterization of benzene and certain substituted benzenes, viz. 

anisole, dimethylaniline, phenol, and benzenesulphonic acid in 

+ 

the presence of reagents such as HgSO^, H2Se04, H3O, PhOH, 

HgO, OH, containing some 2 per cent of the corresponding 
deutero-compound, and find that the order given above is that 
of decreasing deuterization efiSciency, and that for the sub- 
stituents the order is 0 > NMcg > OMe > H > SO3H. 

They also find that methylcycZohexane is deuterized readily 
and cyclohexane itself very slowly. Using DHSO4, the relative 
ease of deuterization is met%lcycJohexane > n-hexane > 
n-heptane > cyclohexane. 

Optical Activity. — Niimerous experiments have been made 
to isolate optically active compoimds of the type-CHDEjE,, 
but with the exception of the resolution of pentadeutero- 
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phenylbenzylamine by means of the hydrogen tartrates 
{Clemo and McQuillen, loc. cit.) without success. The values 
for the two bases in this case are + 5*0"' and ~5*7°, but 
this resolution has been queried as the CgDg used was apparently 
not pure. No resolution has been observed with compounds 
like CgDg-CHPh-COgH or 2-deuterocamphane, and by 
addition of four D atoms to active ethyletliinylcarbinol, 
OH CHEt-C:*CH, an inactive comimund OH-CHEt-CDa-CHDa 
is obtained (J. A. C. S., 1937, 1497). Also the same product 
is formed by the action of deuterium on ethyl fumarate and 
ethyl maleate, and the resulting succinate could not be re- 
solved (cf. Rep., 1936, 228). Heating mandelic acid in NaOD 
solution for 16 hours gives a fully racemized product, but 
mandelic acid crystallized from DaO gives a product in which 
2H are replaced by 2D but activity is retained. 

Small changes in the rotary power of a compound are noticed 
when the solvent is changed from HgO to DgO ; thus methyl- 
i^opropylbenzylphenylammoniuni nitrate has -f 114*08° 
in HjO and +113*30° in D^O (Erlenmeyer and Schenkd, 
Helv., 1936, 1381; 1938, 114). 

Youn^ and Porter (J. A. C. S., 1937, 328, 1437) have observed 
very slight alterations in optical rotation when the H in an 
active compound is replaced by D, e.g. the values of [aj^ for 
CH3*CH(CflHi3)*OH and CH3*CH(CeHi3)OD are +7*68° and 
+ 7*55°. 

A comparison of the mutarotation of d-glucose in pure water 
and pure deuterium oxide give the ratio i:D,o/^H,o ^ 0*328 
with 18 per cent solutions at 20°, and for more dilute solutions 
the value 0*317 and the value Apon is intermediate between 
^D,o- 1*1 libe inversion of cane sugar catalysed by 
acids and in many reactions of a similar type the ratio 
is always greater than unity, and varies from 1 •67-2*0 for 
inversion of sucrose and hydrolysis of ethyl acetate to 3*0 
for the decomposition of ethyl diazoacetate by acids. 

Deuterium oxide does not diminish the velocity of esteri- 
fication of an acid by hydrogen chloride to the same extent 
as water does (p. 200). 

Deuteriziiig power of different reagents.— The increasing 

power of the following agents is in the order given, D2SO4, 

+ 

D^O, DOAc, DgO, i.e. the power increases with the proton- or 
deuteron-donating power of the reagent, and in the case of 
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benzene derivatives deuterization follows the familiar rules for 
orientation and velocity in aromatic substitution (J. C. S., 
1936, 1637; Z. phys., 1936, B., 33, 23). 

With resorcinol and D2O both H atoms of the two OH 
groups are immediately replaced by D and a much slower 
replacement of two nuclear hydrogens follows and the reaction 
is much accelerated in 0-1 N alkali solution. With quinol 
there is rapid replacement of the hydroxylic hydrogens fol- 
lowed by slow replacement of 4 nuclear hydrogens. With 
am*line hydrochloride and DgO at 60° the compound C^HjDa* 
ND3CI is formed after 3 hours. 

The use of deuterium compounds, e.g. a fat containing 
deuterium atoms, has proved of use in studying the fate of 
compounds in the animal organism. 

B. Heavy Oxygen 

Compounds containing heavy oxygen, ^®0, have been pre- 
pared. Roberts (J. Chem. Phys., 1938, 290; cf. Trans. Far., 
1938, 432, 1219) examined the reactions between heavy oxygen 
water, and numerous organic compounds. Methyl 

alcohol or nitrobenzene do not undergo any exchange in the 
presence of at 25° either with or without a catalyst, 

whereas acetic acid with 0*1 N hydrochloric acid as catalyst 
exchanges both oxygen atoms within 40 days and benzoic acid 
at 100°, either with or without a catalyst, exchanges its two 
oxygens in 4 hours. With trichloracetic acid the exchange is 
complete after 42 hours at 26° and similarly with acetaldehyde 
after 24 hours, whereas there is no exchange with butyric acid 
or acetone after 24 hours at 25°, but partial exchange at 100°. 

The use of heavy oxygen has proved of use in the study of 
the mechanism of certain reactions. 

By the study of that between heavy water and amyl acetate 
in the presence of alkali, Polanyi and Szabo (Trans. Far,, 1934, 
508) were able to prove that the alcohol formed contains no 
heavy oxygen and hence the reaction proceeds according to (a) 
and not to (5) : 

! ! 

(a) CH, CO iO‘CjH„ CH, CO‘*OH + 

(b) CHj CO O + h|*»OH OH 3 CO OH -f CsHu^OH. 



011^ ANT) FATS 


806 


Similarly, catalytic esterification is to be represented by (c) 
rather than (d) : 

(c) CeHj CO O H + H »O CH, CeH^ CO-^^O CH, + H O H; 

(d) C,H, CO O H + C,H, CO O CH, -f H 

as the water formed during the reaction between benzoic acid 
and methyl alcohol containing heavy oxygen is light water, 
HgO, and contains no trace of Care was taken to 

prove that under the conditions of the experiments neither 
methyl alcohol nor methyl benzoate exchanged with heavy 
water and benzoic acid extremely slowly (Roberts and Urey, 
J. A. C. S., 1938, 2391). 

The use of phosphorus compounds containing radio-active 
phosphorus, has proved of value in tracing the stages in 
the formation of phosphorus complexes in the organism. 


LV. OILS AND FATS ♦ 

These belong to the group of compounds termed Lipoids, 
or Lipids, which are characterized by: (1) Insolubility in 
water. (2) Solubility in ether, chloroform and benzene. (3) 
Their structures as esters of fatty acids. (4) Their utilization 
by living organisms. Bloor (1925) has classified them as follows; 

I. Simple lipids, 

(a) Oils and Fats. 

(b) Waxes, usually esters of higher fatty acids writh higher 
monohydric alcohols. 

II. Compound lipids. Esters containing other groups in 
addition to alcohol and fatty acid. 

(a) Phospholipids (Phosphatides) containing phosphoric 
acid groups and nitrogen bases, e.g. lecithins and cephalins. 

(b) Glycolipids. Compounds of fatty acids with a carbo- 
hydrate and containing nitrogen but no phosphoric acid, 
e.g. cerebosides. 

III. Derived lipids , — ^Products formed from the above, e.g. 
fatty acids, sterols, higher monohydric alcohols. 

• Chcmi« und Technoloine der Fettc und Fettproduktc, H. Schdnfeld; 
2nd Edition, Wien, 1836-39; Chemical Constitution of Natural Fats, Hil- 
ditch, London, 19^; Chem. Kev., 1941, 199. 
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Oils and Fats 

The oils and fats are esters of the trihydric alcohol, glycerol, 
and are natural products found in the vegetable and animal 
kingdoms. In the latter they form the fatty tissues of the 
body and are also present in fish, particularly in the liver; 
in plants they occur chiefly in spores, seeds, e.g. cotton, sun- 
flower, linseed, and coats of fruit, e.g. palm and olive. They 
form the food reserves for the embryo during germination 
and early growth. During the early stages of germination the 
total fat undergoes little diminution, but then diminishes 
rapidly, and during this stage contains much free fatty acid 
and the iodine value is lower than that of the original oil. 
According to Rhine (1926) the fat is not transported as such, 
but is first converted into carbohydrate, and the view is held 
that it is formed in the cells from carbohydrates. In the early 
stages of development the seeds contain much free fatty acid, 
but this practically disappears as maturity is reached. It is 
to be noted that fats from the tropics contain relatively more 
glycerides of saturated acids than those from cooler climates, 
the latter containing large amounts of esters of unsaturated 
acids. Hence drying and semi -drying oils are usually obtained 
from seeds from temperate climates, and glycerides containing 
two or three olefine linkings are relatively more sensitive to 
climatic conditions than those containing only one; thus the 
farther north soya bean or flax seeds are grown the higher 
the iodine value of their oils. 

Members of a particular botanical family are often charac- 
terized by fats in which particular acids predominate, e.g,: 

Kernels of Palmce yield lauric acid. 

Kernels of Myrisiacece, e.g. myrtle wax, yield myristic up 
to 60 per cent. 

See^ of CriunfercB, e.g. mustard, rape, yield erucic up to 50 
per cent. 

Seeds of Umbdliferw e.g. parsley, celery, parsnip, yield 
petroselinic up to 75 per cent. 

Seeds of Chaulmoogra, yielding chaulmoogric acid (cf, table). 

Animals obtain only a small amount of their fats from 
plants; they synthesize them in the body probably from carbo- 
hydrates. 

The fats are important from two view-points: 
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1. The indastrial. They constitute food material for man, 
e,g. butter, ground nut oil and hardened oils, and are also 
used for the manufacture of soaps, candles, paints, varnishes, 
&c. (for saponification cf. C. and I., 1939, 87). 

The scarcity of oils in Germany has led that country to 
manufacture fatty acids for soap and candle manufacture by 
the catalytic oxidation of high hydrocarbons from petroleum, 
but the purification is difficult. 

2. Animal and plant metabolism (cf. Chap. LXIX, E.). 


A. Extraction and Refining 


Two general methods of extraction are adopted: (1) Crush- 
ing between rollers and then pressing either hot or cold or a 
combination of both in hydraulic presses. A certain amount 
of oil is retained in the pressed cake which can be used for 
either feeding or manorial purposes. (2) Solvent extraction 
by means of light petroleum, carbon disulphide, carbon tetra- 
chloride or di- and tri-chloroethylene (p. 855) in continuous 
extractors. By this method more oil can be extracted, but 
some solvents are inflammable and others toxic so that great 
care is required. 

The process of refining is to remove colour, odour, colloidal 
matter and free fatty acid. One of the commonest methods 
is by means of Fullers’ Earth activated by treatment with 
mineral acid and subsequent washing. 

Many oils develop an objectionable odour and taste on 
standing due in some cases to oxygen, and in others to enzyme 
action. This is termed rancidity, and is accelerated by heat, 
light and certain metals. The products consist of mixtures of 




aldehydes, among these epihydrinaldehyde, 0^ | 

X)H-CHO, 


ketones, lactones, hydroxy acids and acids of lower molecular 
weight. It is probably first started by autoxidation at an 
ole&ae linkage and the formation of a peroxide. The iodine 
value decreases and the acid value increases during rancidity. 


( B 480) 


so 
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B. Industrial Examination of Fats and Oils 

In order to ascertain the purity of any sample of fat or oil 
and to ascertain whether it is mixed with other oils or with 
non-fat adulterants, a number of physical and chemical tests 
are usually made. These include determination of (a) Specific 
gravity; (6) Refractive index; (c) Acid value (i.e. the number 
of mg. KOH required to neutralize the free acids in 1 gm. 
of oil); [d) Saponification value (the number of mg. KOH 
required to neutralize free acids and to hydrolyse glycerides 
in 1 gm. of fat); (e) Ester value diflerence between c and d\ 
(/) Iodine value or number of grams of iodine absorbed by 
100 gm. of fat. This is not measured directly, but in terms of 
ICl or Brj taken up by 1 gm. of fat. As there are no ajS- 
unsaturated acids in combination with glycerol, and as there 
are very few conjugated double bonds, this gives a very good 
measure of the unsaturated nature of the acyl groups present, 
as each double bond uses up one mol. of ICl or Brg. 
Non-drying oils have values below 100, semi-drying values 
100-130, and drying oils values above 130. {g) Thio- 

cyanogen or rhodan value (Kaufmann, 1925), i.e. number of 
grams of thiocyanogen (SCN)2 absorbed by 1 gm. of fat. With 
this reagent an acid with one double bond becomes fully 
saturated, whereas in an acid with two double bonds (linolic) 
only one of them reacts, so that in a mixture of oleic and linolic 
acids the proportions of the two can be calculated from the 
difference between the iodine and thiocyanogen values. 
(h) Acetyl value by treatment with AcgO to determine the 
presence of free OH groups as in castor oil, 

C. Chemical Composition 

Since Chevreul first proved that the fats are glycerides of 
normal saturated and unsaturated acids, e.g. palmitic, oleic 
and stearic, it has been assumed that the main components 
are simple glycerides, i.e. tripalmitin, tristearin and triolein, 
and that the consistency of any fat depends upon the relative 
proportions of these components. In 1897 the fat from the 
seeds of the tropical plant, AllanblacJcia, was found to con- 
sist mainly of the mixed glyceride, oleodistearin» C3H5 
(0‘C0*Ci7H35)2(0*C0'Ci 7H33). This compound was actually 
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isolated, and it is now generally conceded that mixed glycerides 
are the rule and not the exception in natural fats and oils; 
simple glycerides are formed when one particular acid is 
present in such large amounts that all of it cannot be utilized 
in forming mixed compounds. In seed fats the saturated and 
unsaturated acids form mixed glycerides in the proportion of 
roughly 1*5 saturated to 1*0 unsaturated acyl groups. If there 
is a surplus of saturated acyl above this ratio then fully 
saturated glycerides are formed, i.e. when the saturated acids 
comprise more than 60 per cent of the total fatty acids; 
similarly it is highly improbable that fully unsaturated 
glycerides are present unless the unsaturated acids form more 
than 40 per cent of the total acids. An exception appears to 
be laurel seed oil, as, although about 50 per cent of the total 
acid is unsaturated, the whole of the lauric acid is present 
as trilaurin. These generalizations do not hold in the case of 
animal fats or oils from the pericarp. 

Mixed glycerides can often be isolated by careful fractional 
crystallization at low temperatures, or they may be completely 
hydrogenated and the chief products, e.g. tristearin, a-palmito> 
a'jS-distearin (m.-pt.63*5®), and ^-palmito-aa'-distearin formed 
from cacao butter, separated (J. S. C. I., 1933, 237T; 1936, 
95T), and in this particular case an almost complete analysis 
of the glycerides present has been worked out. 

Useful information can also be obtained by investigating 
the saturated glycerides formed during progressive hydro- 
genation (Hilditch and Stainsby^ Bio. J., 1935, 90, 559; cf. 
also J. S. C. I., 1935, 336T). Thus pig depot fat contains 80 per 
cent of jS-monopalmito-glycerides and about 50 per cent of 
stearodioleins. 

Typical composition of fats (J. S. C. I., 1938, 448T): 


Oleodistearin 




Borneo 

Tallow* 

.. 40 

Cacao 
Butter t 

19 

Oleopalmitost^arin 




.. 31 

62 

Stearodioleln 




.. 13 

12 

Pahmtodiolein 




.. 3 

9 

Oleodipalmatin 




.. 8 

6 

Pally saturated, mainly palmitostoarins 

.. 5 

2 


By carefully controlled oxidation of fats the unsaturated 
acyl groups can be oxidized while still attached to glyceryl, 

• Seed fat of Shorea stmoptera. f Seed fat of Theohroma cacao. 
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whereas any saturated acyl remains intact {Hilditch, J. C. S., 
1927, 3106; J. S. C. I., 1928, 261T). Thus a completely saturated 
glyceride is not oxidized, whereas one containing 1, 2 or 3 
uusaturated acyl groups will give glycerides with acidic pro* 
perties which can readily be separated from the neutral fully 
saturated compounds, e.g.: 

. OSt /OSt 

CaH/^OSt + CH8(CH,),-C0,H. 

\001 NOCO-CCHjhCO.H 

A number of mixed glycerides have been prepared by King 
and others, and their physical constants determined (J. A. C. S., 
1930,365; 1932,705; 1934,1191,1724). Fairbourne (J. C. 
1930, 369) gives methods for preparing a-, p-, mono-, aj8-, aa-, 
di-, and aajS-triglycerides. 


D. Compounds from Fats and Oils 

The fat may be distilled by the process of molecular dis- 
tillation (J, 8. C. I., 1939, 49T); free fatty acids pass over first 
at 120°~150°, then the glycerides at 220^-260°, and the residue 
contains proteins, phosphatides, &c. 

1. Non-glycerides. Quite a number of compounds other than 
glycerides are present in oils and fats; (a) Phytosterols (Chap. 
LXII, A.); (b) phosphatides; (c) vitamins (Chap. LXVIII, A.) ; 
(d) ketones. Diacetyl (Chap. IX, F.) is the odoriferous principle 
of butter and tends to facilitate rancidity. Completely 
washed butter keeps better, and the addition of a trace of 
maleic acid tends to prevent rancidity; methyl nonyl and 
methyl heptyl ketones are present in cocoa-nut oil and pro- 
bably due to rancidity, (e) Alcohols and hydrocarbons. The 
UBsaturated hydrocarbon squalene (Chap. LVII, Q.) occurs in 
certain fish oils and olive oils, and the hydrocarbon piistane, 
CisHaa, ill liver oils and fish oils, and the alcohol ethers 
batyl and selachyl alcohols (p, 233) probably as glycerides. 

2. Saturated adds. The saturated and also unsaturated 
acids obtained by hydrolysing fats are, with a few exceptions, 
normal acids containing an even number of carbon atoms and 
ranging from butyric (U4) to melissic (C3Q). The exceptions are 
wvalerio acid, CMcj'CHj'CO^H, present in the head and 
blubber oils of the dolphin and porpoise, and chaulmoogric 
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acid, present in species of chaulmoogra and liydnocarpus; it has 
been synthesized by Perkins and Cruz (J. A. C. S., 1927, 1070) 
and has a cyclopentene structure: 

ch/ J 
Vh:ch 


3. Unsaturated adds. Only one hydroxy unsaturated acid 
is known, viz. ricinoleic acid from castor seed oil, and only 
one with a triple bond, viz. Tariric acid. 

The unsaturated acids range from to C 24 , but the com- 
monest are the Cjg. The acids occur in butter (3-4 per 
cent) and pig’s fat, and also in many vegetable oils (under 
1 per cent), and vary as to degree of unsaturation. The majority 
contain 1 olefine link. Several linolic acids with two olefine 
links and several linolenic acids with three olefine links are 
known. No acid contains an ajS-olefine link, and where two 
or more such links are present they are not conjugate with 
the exception of elaeostearic acid isomeric with the linolenic 
acids. These points are of importance as the determination 
of the iodine value of an oil would not be possible if aj3 
unsaturated or conjugated olefine acids were common. 

For percentage composition of acids from oils cf. Thorpe’s 
Diet. Supp., Vol. II. 


OILS AND FATS 

Individual ansatunted adds: 


1 • Deoenoic, 

Myriatoleic, ChHwO, 

Palmitoloio, A*-hoxadooenoic 
acid,* CjeH^O, 

Oleic, A*-ooti^eoenoic acid, 

Petroselinio, CijHj^O, 
Vaooenic, C„H„0, 

Rioinoleio, C, 8 H 340 | 

Gadoleio, CjoHssDt 


Eruoio, C*jH 4 aO, 
Oetoleic, O^HmO, 
Selaoholeic 1 r* it n 
or Nervoiucr**"^*'^* 


CH,:CH[CH,kC 08 H. 

cHjCCH J7CH : ch[ch,]8CO,h 
or CH,(CH,),CH:CH[CH,hC08H. 

CHalCHjkCH : CH[CH,hCO,H. 

CH, [CH,hCH : CH[CH,],COaH (cw). 
chj;ch,]i8Ch:ch[ch*]4 ‘C0 ,h (ds). 

CH,[CH ah-CH : CH[CH J,CO,H 
(trana), 

CH,[CH J8-CH[0H]CH, : CH[CH,] J 
CO,H. 

CH,[CH,L*CH:CH[CHa], CO,H or 
CH,fCH,hCH rCHrCHjJa-COaH. 

CHslCH^h-CH : CH[CH,]„COaH (cw). 

CHj;CH JaCH : CH[CH,],COaH. 

CHJ[CHJ,CH : CH[CHt]i,00,H. 


* In miznbortng the C atom of the COfH group it No. 1. 
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1 ;Tariric, CjgD , J 
2 1 Linoloic, 0,sU.j .(^j 

‘L* Linolenic, CigH^pOj 

Eiaoostearic, 

Linolenic (i^enothera), CigHa^Oj 
Conj. linolenic, (^gHaoOjj 

Chaulmoogrio 


CH3[0H,1,,C;CICH,1,C0*H. 
cii3{CH,i4Cii : cf f cH.OFi : ch 
[C 1417C02H. 

CJI^t-CHg CH.'CH CHg CHICH CHj- 

ch:ch[chj7Coji. 
oHaicHaigCH ;cD*cH :chch:ch 

CH3ICH2 j*CH :CH CH, CH : CJI CH* 

CH:CH{CFF2l4aUi. 

CH3 0H,cH : CH cii : chch : 
('hch:cii[Ch,]7C0,h. 

/CH3CH(CHa)uCU*U. 

ch/ I 

^CHICH 


From the table it will be noticed that the groups 
•CH[CHJ7*CH: and are very common. 

The acids mth one olefine link can exist in cift and trans 
forms, and X-ray and paraclior measurements indicate that 
oleic, erucic and petroselinic acids are the cis forms and the 
isomerides formed by the action of nitrous acid are the trans 
forms. Vaccenic acid, on the other hand, is the trans form. 

The acids with two olefine links can exist in ds-cis, ds- 
trails, trans-ds and trans-trans forms. 

Elaeostearic acid» CiglTgoOg, forms about 90 per cent of 
tung oil acids, and 67 per cent of oil from Aleurites trisperma; 
it was shown in 1929 to be capable of taking up 6 atoms of 
hydrogen in stages, the intermediate compounds being 
diene acid and oleic acid, and hence contains the conjugate 
system CH3*[CH2]3'[CH: CH]3*[CH2]7*C02H. A structure con- 
firmed by its high molecular refraction and by the products 
of ozonolysis, viz. valeric and azelaic acids formed from the 
end portions of the molecule. The system of conjugate bonds 
accounts for the low iodine value, as by the ordinary methods 
of determination it requires 6 days for complete addition. 

a-Licanic acid, CjgHggOj, m.-pt. 74°-75®, obtained from the 
seed fat of Licania rigida, is the first ketonic unsaturated acid 
to be isolated from natural fats. It is a y-keto-elaeostearic 
acid and on hydrogenation yields y-ketostearic acid. Its 
structure is 4-keto-A®»^*^*-octadecatrienoic acid {Brown and 
Former, J. C. S., 1935, 1632). 

A conjugate tetrene acid, (\8H3QO2, has been isolated from 
the seed fat of Pannarium laurinum {ibid, 759). 

The different highly unsaturated acids of fish oils can be 
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separated by the molecular distillation of their methyl esters 
{Farmer and Van den Heuvel, J. S. C. I., 1938, 24). 

Minute amounts of A®-decenoic acid and a tetradecenoic acid, 
are present in butter fat and A^^-octadecenoic acid, 
also in butter fat and in beef tallow (1 per cent). 

Other unsaturated acids containing up to Cjj 4 and with one 
to five olefine linkings occur in salt-water fish oils. 

4. Separation of fatty acids from fats and oils.’*' If the 
percentage of unsaturated acids is high it is usual to separate 
the saturated and unsaturated acids by TwitchelVs lead alcohol 
method and to convert separately into methyl esters by the 
Fischer method. By careful fractionation at 3-5 mm. pressure, 
using a Pfeiffer oil pump, and from Ijodcnbarg flasks with two 
bulbs fitted with Raschig rings, and at a rate of 20 small drops 
per minute, it is found that alternate fractions are pure indi- 
vidual esters and the intermediate fractions are mixtures of 
two esters only. By this method it is possible not only to 
isolate the individual acids as methyl esters but also to deter- 
mine the amount of each. 

5. Structure of unsaturated adds. The method of ozonolysis 
has already been described (Chap. XLVIII, G.). Armstrong and 
Ililditch (J. S. C. I., 1925, 43T, 180T) use the methyl or ethyl 
esters of the acids and oxidize with powdered permanganate 
in hot acetone or acetic acid solution. The products often 
obtained in 80 per cent yields are a monobasic acid and the 
acid ester of a dibasic acid formed by the cleavage of the original 
molecule at the double bond. The product is then hydrolysed 
and the mixture of monobasic and dibasic acids separated by 
extraction with boiling light petroleum. With ordinary oleic 
acid the products are nononic and azelaic acids: 

CH.iCHsh cii*:ch[(;h,vco,h 

\ -> CH.dCHaVCOaH + COaH [CHab CO,n. 

Using this method the following conclusions have been 
drawn. The myristoleic acid present in whale oil {1-0--U5 
per cent) is mainly the A®-compound with perhaps a little A*- 
acid. Palmitoleic acid is A®-hexadecenoic acid. 

Haworth (J. C. S., 1929, 4190), using this method with linoleic 
acid from the soya bean and also from poppy seeds, obtained 
80 per cent yields of n-hexoic, azelaic and oxalic acid, together 

• J. S. C. I., 1926, SiT. 
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with a little maloaic indicating the structure A** ^•-octadeca* 
dienoic acid. 

Hilditch and Vidyarthi (P. R. S., 1929, 122, 663) recom- 
mend the following method for determining the positions of 
double bonds in the polyene acids. The methyl ester is par- 
tially hydrogenated until it consists of monoethenoid com- 
pounds only, and is then oxidized by the above permanganate 
method and the mixture of mono- and dibasic acids examined. 
Partially reduced methyl linoleate treated in this way gives w- 
hexoic, azelaic and oxabc acids. 

The structure of the linolenic acid obtained by the removal 
of bromine from the solid hexabromide (m.-pt. 181°) based 
on the ozonolysis of its ethyl ester to propaldehyde, malonic 
acid and ethyl hydrogen azeleate is that of A®* ^^-octadeca- 
trienoic acid : 


CHj CHj CH : CH CH. CH : CH CHj CH I CH [Cli.h CO.Et 

Propaldehyde Malonic Malonic Ethyl hyd. 

acid acid azeleate 

Suzuki (P. Roy. Acad., Tokyo, 1931, 15) has attempted to 
elucidate the configurations of certain linoleic acid (A®'^^- 
diene acids). The acid from most seeds, e.g. linseed, cotton 
seed, soya bean) yields both a solid tetrabromide (m.-pt. 114°) 
and a liquid isomeride. By the action of alcoholic potash on 
the two tetrabromides at 0°-20° and by a comparison of the 
products with those obtained by the action of the same reagent 
on oleic acid di bromide and eleadic acid dibromide, the con- 
clusion is drawn that the acid yielding the tetrabromide melt 
ing at 114° is the 9-ci8-12-cis acid and the one yielding the oily 
tetrabromide the 9-trans-12-trans acid : 


IS 

XCH 

10 

la 

HCY 

0 

9-ui8*12-cis 


XCH 

HCCH.CH 

HCY 

94ran8-12-tranjB 


where X - CH 3 *[CHJ 4 - and Y « 

On the other hand, the linoleic acid derived from Seiden- 
raupen oil gives a tetrabromide melting at 60°, and is probably 
the 9-trans-12-ci8 acid. 

Oleic adds. — By the partial hydrogenation of ordinary 
oleic esters (i.e. A®-compound) a certain amount of isomers 
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are formed, viz. elaidic acid (the trans isomcridc), A®> and A^®- 
acids formed by a shifting of the double bond, and further by 
the partial hydrogenation of linoleio esters addition can take 
place at either the 9 : 10- or the 12 : IS-position, thus yielding 
the A^®- and A®-oleic acids in either cis or trans or both forms. 
The oleic acid present in a partially hydrogenated oil is thus a 
complex mixture {P. R. S., 1928, B., 103, 111). 


E, Vegetable Fats and Oils 

1. In the fruit coat or pericarp surrounding the endosperm. 

Examples, palm and olive oils and Chinese ttillow. They vary 
from hard to oils of the “ drying type, but their chief 
constituents are glycerides of palmitic, oleic and linoleic acids. 
The composition of the oil from the fruit coat and of the oil 
from the seeds of the same plant often differ considerably. 
With the olive the composition of the two is much the same, 
but with Stillinrgia the former oil is a hard, relatively saturated 
fat, whereas the latter is a highly unsaturated oil. The simple 
glyceride, tripalmitin, is often present in fruit-coat fats even 
when the palmitic acid is only 10 per cent of the total acids, 
but otherwise the glycerides are of the mixed type wherever 
possible. Olive oil acid contains as much as 80 per cent of 
oleic acid, and hence the oil has as much as 50 per cent of 
triolein. 

2. Seed fats. The acids present in seed fats can vary con- 
siderably, but usually members of the same botanical family 
display great similarity in the specific fatty acids. The common 
glycerides are those of palmitic, oleic, linolic and linolenic 
acids, i.e. and Cjg acids. Higher saturated acids, stearic 
and arachidic, and lower, myristic, are usually present to 
less than 3 per cent of the total acids. The seeds from shrubs, 
trees, conifers, many herbs and also from such families as 
RosaceWf Com'positm^ LabiatCB and Graminew belong to this 
group, also the oils including the well-known drying and semi- 
drying oils, e.g. sunflower, safflower, sesame, linseed, hemp, 
poppy, &c. In many of these the percentage of saturated acid 
is under 10. The chief acids are the unsaturated of the Cjg 
group, viz. oleic, linolic and linolenic, and the drying proper- 
ties depend, to a large extent, on the proportions of the more 
unsaturated acids present as mixed unsaturated glycerides. 

( B 480 ) 30 • 
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The kernel fats, e.g. cocoa-nut oil, nutmeg butter, palm 
kernel oil, dika butter, contain very little unsaturated acids 
and often consist of as much as 66 -86 per cent of fully satu- 
rated glycerides. The saturated acids from the fats contain 
lower homologues of palmitic acid, viz. caprylic, Cg, 42-49 
per cent; capric, Cio, lauric, 0^2, 45 per cent; and mjTistic, 
0^4, 13-26 per cent. 

The oils with appreciable amounts of stearic acid are ob- 
tained from certain tropical families, e.g. Sterculaeece, viz. 
cacao butter with 35 per cent; Guttiferas, e.g. Allanhlackia 
of different species 60 per cent; and Sapotacew, e.g. palaquium 
oblongifolium 64 per cent. The higher saturated fatty acids, 
e.g. arachidic, Cgo, and lignoceric, C24, are met with in small 
quantities in many fats and in large quantities in the fats of 
members of Sapmda-cecp and Lepumimsce, 


F. Land Fauna Fats 

The major components of the fats of animals as distinct 
from fish are. palmitic, 25-30 per cent, oleic and linolic 
together about 70 per cent, and in some, mainly herbivorous, 
stearic acid is also an important constituent. Rodents and 
birds also yield about 7 per cent of palmitoleic acid, A^-hexa- 
decenoic acid, and also small amounts of Cg© and C22 unsatu- 
rated acids. Rodents and birds give fats containing 25-30 
per cent of palmitic and only a little stearic acid and contain 
about 3 per cent of tripalmitin. 

In the case of non-herbivorous animals the amount of 
saturated glycerides, mainly palmito-stearins, is much greater, 
find the even distribution of saturated and unsaturated acyl 
groups characteristic of seed fats does not apply. Thus a seed 
fat with 60 per cent of saturated acids contains very little 
completely saturated glyceride, whereas a tallow {animal fat) 
with 30 per cent of palmitic and 25 per cent of stearic acid 
in the mixed acids contains about 26 percent of palmito-stearins 
(see table. Rep. Ind., 1936, 412). 

In milk fats the acids are roughly palmitic 25 per cent, oleic 
35-45 per cent, and a large proportion of butyric acid and 
other saturated acids of low molecular weight, and the pro- 
portion of saturated glycerides is relatively high. Composition 
of butter fat: glycerides of n-butyric 3-4, caproic 1*6-2, 
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caprylic 1, capric 2-3, lauric 3-4, myristic 7-20, palmitic 
21-28, stearic 7-12, arachidic 1-1, oleic 30-40, linolic 2-4 
per cent. These compositions apply to animals on normal diet 
and will vary with the diet, especially if much oil or fat is 
present, as the acids of the ingested fat are found in the body 
fat of the animal or even in the milk. 


G. Aquatic Fauna Fats 
1. Marine 

The oils from salt-water fish are highly unsaturated, and 
contain acids with 16, 18, 20, 22, 24 atoms of carbon and with 
as many as six olefine links and possibly an acetylene link. 
Much work has been done on the highly unsaturated acids in 
Japan by Tsujimoto Toyama and others, and in this country 
by Lovern and by Farmer. 

The structures of very few of the acids can be regarded as 
established beyond question. 

Oadoleic acid with the double link in position 9 : 10 (or 
position 11 : 12) occurs in cod-liver oil, Japanese sardine oil, 
herring oil, and certain blubber oils. 

A*-Palmitoleic acid is present in many fish oils, but is also 
met with in vegetable oils, e.g. lycopodium spores. 

Other monoene acids present in fish oils are myristoleic 
acids, e.g. A^-tetradecenoic acid from tsuzu oil, the isomeric 
A®-acid from sfierm-head oil, and the A^-acid present in ordinary 
whale oil. 

Fats of Tekostei fish (liver oils of cod, flesh oils of herrings, 
and the blubber of large marine animals such as whales or 
seals) have the composition palmitic 15, palmitoleic 15-20, 
Cjg acids 30, Cgo 20-25, and Cga 10 per cent, the and C« 
acids containing as a rule 3 or 4 olefine bonds. 

Elasmohrcmch fish, in the fat of which large amounts of 
squalene are found, contain monoene acids with C» and Cgg 
carbon atoms and about 10 per c.ent of selacholeic acid, i.e. 
A^ tetracosenoic acid, Cg|H 4 g 02 , which is identical with the 
nervonic acid of brain. 

Sperm oils contain esters derived from oleyl, cetyl and other 
monohydric alcohols in place of glycerol and are liquid waxes 
and not fats. 



908 


LV. OILS AND FATS 


2. Fresh Water 

The oils from these difler in containing rather morepahnitoleic 
acid, much more ^18 acids and less C^o and C 22 acids. Ap- 
parently frogs give an oil intermediate between that of an 
aquatic and a land animal. 

Fats can be synthesized by growing moulds on carbohydrate 
media, also by the esterification of fatty acids with glycerol. 
For the latter purpose the acids recovered by removing the 
free fatty acids from oils and fats in the process of refining are 
used especially when these acids are removed by a continuous 
process of distillation under very low pressures. TwiichelVs 
reagent is more effective as a synthesizing than a splitting agent. 


H. Modern Detergents and Boiled Oils 

Important industrial products can be obtained by the action 
of sulphuric acid on certain oils or acids from oils. Turkey red 
oil is obtained by treating ricinoleic acid with concentrated 
sulphuric acid at low temperature and neutralizing with 
ammonia or caustic soda. It has good lathering properties, 
and is largely used in connexion with alizarin dyemg. 

Sulphated products are also formed by the action of sul- 
phuric acid on olefine acids or their glycerides. The SOg(OH )2 
adds on to the double bond, 

•ch:ch- •ch(o so, oh) ch„ 

and this neutralized gives a sodium salt with detergent pro- 
perties. 

The hydrogen sulphates of higher fatty alcohols, RO-SOj’OH, 
in the form of their sodium salts are largely used as 
soap substitutes (Chem. Met. Eng., 1933, 249; C. and I., 
1934, 24). The alcohols required can be obtained by reducing 
a fatty acid or even its glyceride by heating with hydrogen 
at 200° under 200 atm. pressure in the presence of a copper 
chromite catalyst. The important ones are those derived from 
lauryl, octadecyl and oleyl alcohols, and are known com- 
mercially as Oardinols, 

Glycerides of the type 0H*C3H5‘(0X)*0*S02*0Na, where 
X stearoyl or similar groups, can also be used for the same 
purpose. 
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Boiled Oils 

Another process of technical importance in the oil industry 
is the boiling of drying oils, as these products are of great 
value in the paint and varnish industry. When the drying 
oils are heated {“ boiled a polymerization of the glycerides 
derived from linolic and linolenic acids takes place. This 
has been proved, as when a boiled oil is transformed into the 
ethyl esters by alcoholysis and then subjected to distillation 
under very low pressures, all the saturated acids and oleic 
acid present pass over as ethyl esters, whereas the more un- 
saturated acids remain in the residue as polymerized ethyl 
esters {Ste^er and van Loon, Rec. trav., 1935, 387, 428, 750). 

Waxes 

Other compounds present in dds are : 

Oleyl alcohol, Ci 8 H 350 H, present in sperm-whale oil. 

Cetyl laurate and palmitate in spermaceti from the sperm- 
head oil. 

Ether glycols of the type R- 0 *C 3 H 5 ( 0 H) 2 , where R-CigHgg, 
C 18 H 35 , and C 18 H 37 are present as fatty acid esters in shark 
and ray liver oils. 

L Phosphatides 

The structure of the phosphatides is represented in the 
following formula; 

CH,OCOR 

iHOCOR 

diH^OP^OH 

\ox 

where ’COR represents higher fatty acyl groups, one saturated, 
e.g. palmito^l or stearoyl, and the other unsaturated, e.g. 
oleoyl or hnoloyl, and X represents the choline group, 
•O’CHj’CHj-NMejiOH, in the case of lecithins; and the chola- 
mine group, •O^CHg'OHj'NMe^ in the case of kephalins. 
They are both present in yolk of egg and nervous tissue, but 
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the former in larger quantities. Most of the isolated products 
are probably mixtures, and there are structural isomerides, 
viz. a or ^ according to the substitution of an a- or the 
(of OH) in glycerol. 


LVI. CARBOHYDRATES ♦ 

A. Monosaccharides 

The spatial configurations of the monosaccharides as repre- 
sented by aldose structures and as deduced by Fischer and 
others are given in Chap. XIV. 

A simple method of denoting such configurations has been 
described by Wohl (B., 1922, 1404; 1923, 309), who suggests 
that instead of writing the full formula, attention is drawn 
to the H and OH groups on the right side of the molecule only ; 
thus if the grouping with OH on right is termed -f that with 
H on right is Thus d-glucose can be written: OH, OH, 
H, OH, or simply -f- 4 - — -f. On this basis the formulee 
for the monosaccharides are given in the table below. These 
formulae are for the d-cornpounds, and the Lcompounds are the 
antipodes of these. The configuration for d-glucose is selected 
arbitrarily, but those of the other compounds are all based 
on this, e.g. d-xylose and i-gulose are the compounds, the con- 
figurations of which correspond with that of d-glucose whether 
they rotate to the right or left. In order to avoid ambiguity 
the letter d or 1 is used to denote the relationship to the parent 
substance — in the case of the saccharides — d-glucose, and the 
•f or — after d or I indicates the actual sign of the rotation; 
thus ordinary fructose (Isevulose) is written d( - )fructo 8 e, 
indicating that it has the same spatial relationships as d- 
glucose, but that its aqueous solution is l®vo rotatory. The 
compounds termed d-gulose, d-idose, d-xylose and d-threose 
by Fischer are in reality related to Lglucose and are therefore 
written I gulose, / ( + ) idose, &c. 


• Carbohydrates^ £. F. «nd K. F. Annatrong, 1 934. 



CONFIGURATIONS OF ALDOSES 


on 


Trioses 


THrosea 


r + + 

r/-ervthro8e 


(/-glycerose ] 


-I- -> 

c/-tbrooflo 


Pentoses 


f+ + + 

I fi-riboso 

1 ’ 

L^/-ara binose 


4- — + 

j' f/- xylose 

j f _ _ 

Lii-lyxose 


Hexoses 
' -f + + 4 
rf-allose 
+ 44- 
. d-altrose 

' -f + - + 

c?-glucose 
4- - 

. rf-mannf»8e 
i 4 

rf-giilose 

4 - — ^ 

. (f-idose 
•f - -- 4 

d- galactose 

. d-talose 


The order given ia that of proximity to the CH 2 OH group. 

Wohl has been able to prove that in glyccrose the one asym- 
metric carbon has the same absolute configuration as carbon 
atom number 5 in d-glucose. 

The fact that in the aldoses the aldehyde reactions are 
relatively suppressed led to other structures being assigned 
to glucose, e.g, the enol formula (1895) OH-CH:C(OH)* in 
place of 0:CH-CH(0H)*, the aldehyde hydrate formula {Fittig) 
and various ring formulfe, e.g. ethylene oxide type (1870), 
butylene oxide type (Tollens, 1883), and finally the amylene 
oxide type by Haworth in 1926, 

The butylene oxide structure was suggested by Fischer 
(B., 1893, 2400) for the two stereo-isomeric methylglucosides 
as they could not be represented by the acyclic formulae and 
was subsequently extended to a- and /3-glucoses when Arm- 
strong (J. C. S., 1903, 1305) was able to show that the a- 
glucoside on hydrolysis with maltase gives nearly pure a- 
glucose and the /3-gIucoside with emulsin gives nearly pure 
/3-glucose, but a drop of dilute ammonia produces the stable 
equilibrium mixture of the a- and /S-glucoses. 

The only reason for accepting the five-atom ring structure 
appears to have been the fact that lactones can be reduced 
by sodium amalgam and dilute acid to sugars, e.g. d-glucono- 
lactone to d-glucose, and it was assumed that the five-membered 
ring remains intact. Different structural formulas were sug- 
gested for the a- and /S-methylglucosides by Nef (A., 1914, 
408 , 204), e.g. an ethylene oxide formula for the /8, but their 
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close similarity and the ease of conversion into the equilibrium 
mixture indicated that they are stereo-isomeric and the isola- 
tion of a 3rd and a 4th methylglucoside somewhat less stable 
than the a and P (J. C. S., 1929, 279G) supported this view. 

As a result of the work of Haworth and others it is now 
generally accepted that the a- and jS-methylglucosides, 
glucose, and most of the aldoses contain a six-membered ring, 
an amylene oxide or p3rranose* ring, whereas certain less 
stable aldoses have a five-membered ring or furanose t struc- 
ture. 

Fischer's y-methylglucoside and the two crystalline y-ethyl- 
glucosides of Irvine (J. C. S., 1929, 2796) are given such struc- 
tures. They differ from the a- and ^-compounds in chemical 
properties, e.g. although stable to alkali and Fehling's solution, 
they are readily hydrolysed by acids and are not attacked by 
either maltase or emulsin, and hence are probably struc- 
turally isomeric with the a- and jS-compounds. 


d-GLUCOSE 


(1) CHO 


H- 

HO- 

H- 

H- 


OH 

—OH 

OH 


II 


(6) CHjOH 
Fischer's acyclic 


HO 
(U 

H- 
HO-- 

n- 

(6) 


H 


—OH 
- H 
—OH 
H 


f^yranose 

structure 


HOv .H 

C- 


IV H OH 

HO H 

HO-CH,-CH(OH) H 

Glucofuranose 


i " 

• HO^ ^ 


III 


HO 


OH H 
H 

\ / H OH \ .. 
/\OH H 

r 

H (6)CH5j'OH 

or perspectively 
/5-<^-iflucopyrano»e % 


-0— \ H 

OH HX 

I — I X N:;h(oh) ch,-oh 

H OH (5) (6) 

j3-Glucofuranose 


In comparing Fischer's projection I with the pyranose 
structures II or III, it is noticed that alteration in the posi- 
tions of the groups at C, No. 5, occurs; this is due to the fact 

• Derived from pyranc; cf. Pyrone, Chap. XLIII, A. 

f Derived from furane; cf. Chap. XV and XL. 

X The terms a and B applied to the aldoses or methyl^ucosides denote the 
relative positions of tnc H and OH attached to C atom No. 1. If the above 
formula repreaenta the )9-compound, then the a has the epi^atructure at No. 1. 
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that in the formation of a ring from the open-chain formula 
a rotation of the link between C, No. 5, and C, No. 6, through 
120*^ occurs. 

The terras a and as applied to the two stereo-isomeric 
sugars or their monomethyl derivatives, are apt to be con- 
fusing. Originally attempts were made to denote as a-com- 
pounds all those derivatives in which the configuration of the 
C atom No. 1 was similar to that in a-glucopyranose, but as 
Walden inversion frequently occurs the deduction made might 
be incorrect, and at present it is usual, in the case of a pair of 
isomerides, to term the one with the higher dextro rotation a 
and the other j3 (Hudson's rule). 

According to Isball and Pigman (J. org., 1937, 505), the 
more dextro rotatory of the pair is termed the a, when in the 
projection formula) the 0 ring is on the right, but when the 
ring is on the left the less lawo rotatory is termed the jS. 

The separation of an a- and jS-compound can sometimes be 
effected by means of a definite crystalline compound with 
calcium chloride, e.g. d-methylguloside from a mixture. 

Mannose yields a crystalline derivative ManCaCl24:H20, 
which is the mannofuranose form, and although very little of 
this is present in the original equilibrium mixture appreciable 
amouiit-s can be isolated as the crystallization disturbs the 
equilibrium and more of the furanose compound is formed. 

Kough approximations to the amounts of a- and j8-compounds 
present in an equilibrium mixture may be obtained by calcu- 
lations from the initial rotation and tlie rotation at equilibrium, 
but the results are not accurate as small amounts of other 
products are also formed (probably y-sugars) which affect the 
rotation. 

All jS-aldoses are oxidized by bromine more rapidly than the 
a-compounds, the amounts of a and jS in an equilibrium 
mixture can be calculated from the rates of oxidation, and the 
values obtained are comparable with the amounts calculated 
from [a], assuming that only a- and ]8-compounds are present. 
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1. PYRANOSE SERIES* 

The arguments used by Drew and Haworth (J. C. 8., 1926, 
2303) for the pyranose structure are largely based on a study 
of the methylated sugar (cf. Chap. XIV, A.) and the corre- 
sponding acids and lactones. The argument that, since d- 
mannolactone on reduction yields d-mannose, the latter has 
the same five-membered ring as the former is of little value 
as it is quite possible that during the reduction the lactone 
ring may open and subsequently reclose in a diflferent position, 
e.g. y-lactone -> hydroxy acid -> S-lactone. With a fully 
methylated lactone such a change is ruled out as, if the lac- 
tone forms the acid, the only type of lactone which can be 
formed is the same y-lactone, as all other positions are occupied 
by OMe and not OH groups. 

OMeCH 2 CH(OMe)CHCH(OMe)CH{OMe)CO. 

! 0 ! 

In 1914 Nef (compare also Hedenberg, J. A. C. 8., 1915, 
345) was able to obtain two isomeric lactones from d-gluconic 
acid. The ordinary or y-lactone is readily obtained by heating 
the acid at 100° for a comparatively short time, and the 
isomeric S-lactone is formed when the acid or its ester is heated 
for a prolonged period at a lower temperature. Other mono- 
basic acids derived from aldoses yield isomeric y- and 8-lactones, 
and, as a rule, the 8 form readily passes over into the more 
stable isomeride. A fully methylated lactone, either y or 8, i.s 
stable and cannot undergo isomerization. A polarimetric 
study of the rates of hydration of all the lactones and of their 
methylated derivatives, obtained by the methylation of the 
lactones or by the methylation of an aldose followed by oxida- 
tion, show that these lactones fall into two groups: (a) y- 
lactones, which are only slowly hydrated, and (6) Sdactones, 
which are comparatively readily hydrated in aqueous solution, 
and thus the ease or difficulty with which any particular lac- 
tone undergoes hydration with consequent change of rotation 
can be utilized for ascertaining whether it belongs to the five- / 
atom ring or the six-atom ring type. Oxidation experiments 

' S' 

* Constitution of Sugars, Haworth, 1929. 
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with a typical y- and a typical 8-lactone have conclusively 
established the structure of the compounds. Thus the crystal- 
line trimethylarabono-y-lactone, m.-pt. 33®, was characterized 
by its oxidation to 2 : 3-dimethoxy-4:-hydroxyglutaric acid, 
C 02 H*CH( 0 Me)*CH( 0 Me)-CH( 0 H)*C 02 H, and the formation 
of this compound was accompanied by the elimination of a 
methoxy residue at position 5 in the carbon chain, 

COCH(OMe)CH(OMe)CHCHaOMe 

I O I 

CO,H CH(OMe) CH{OMe) CH(OH) C()jH. 

When the trimethyl-arabono-S-lactone was oxidized in a 
similar manner with nitric acid it gave the optically active 
trimethoxyglutaric acid, 

OMe il H 

CHa (CH ()Me)3 C() CO^H ■ C • C • C • CO,H, , 

0 -— jj 

proving that the hydroxyl from which the lactone was derived 
cannot have been in position 4 (y) but in position 5 (8). 

One of the strongest arguments for the six -atom ring 
structure of the stable penta- and hexa-aldoses and ketoses is 
the oxidation of their methyl ethers to a 2 : 3 : 4-trimethoxy- 
glutaric acid, C02H-CH(0Me)*CH(0Me)-CH(0Me)-C0aH. It 
is clear that such a compound must exist in a number of stereo- 
isomeric forms, the actual number theoretically possible is six, 
and each sugar gives rise to a single isomeric form, which can 
be identified by conversion into its amide or methylamide, 
NHMe*CO[CH(OMe)] 3 *CO-NHMe. These are all crystalline 
compounds with well-defined melting-points. The name given 
to a particular trimethoxyglutaric acid is usually derived from 
the pentose from which it can be obtained by oxidation, e.g. 
d-arabotrimethoxyglutaric acid, xylotrimethoxyglutaric acid. 

{-Arabinose: The following series of reactions are readily 
brought about: 

I-Arabinose a- and jS-methylarabinosides Z-trimethyl- 

MeOH + HCl completely 

methylated and hydrolysed 

arabinose -> Z-trimethyiarabonic acid Z-trimethyl-8-ara- 

oxidized dchydrat^ 

bonolactone Z-arabotrimethoxyglutaric acid, the methyl- 
HNO, 
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amide of which melts at 172®. The foririation of a 2 : 3 : 4-tri- 
methoxyglutaric acid is a clear proof that in the trimethyl- 
lactone, and hence also in the trimethylarabinose, the three 
methyl groups are in adjacent positions and not terminal 
positions 1 and 5. As the reducing group which is in position 
1 always takes part in the oxide ring of the aldose molecule, 
it follows that this oxide formation occurs at the 1 : S-positions, 
i.e. it is a six-atom ring. 

d-Glucose. — When a similar series of reactions is carried out 
with d-glucose the respective products are: a- and ^-methyl- 
glucosides tetramethylglucose -> tetrame thy 1 gluconic acid 
-> tetramethyl-8-gluconolactone ■-> xylotrimethoxyglutaric 
acid. The formation of this 2:3; 4-trimethoxy acid shows 
definitely that the oxide ring cannot engage positions 3 or 
4 in the methylated aldose chain as these must be methy- 
lated; hence it must involve either position 5 or 6 of the hcxose 
chain. The latter alternative is excluded by the fact that a 
2:3:4: 5-tetramethyl-gluconic acid has been deli nitely synthe- 
sized, and been found to differ completely from the tetramethyl- 
gluconic acid obtained by the oxidation of the tetramethyl- 
glucose. It cannot be made to pass into the tetramethyl-8- 
gluconolactone, and on further oxidation yields tetramethyi- 
saccharic acid, CO 2 H[ 0 II‘OMe] 4 CO 2 H, and not a trimethoxy- 
glutaric acid. Hence the methylated hexose must be a 1 : 5- 
oxide, i.e. have a six-atom ring structure, and a similar ring 
is presumably present in the original glucose. 

Similar lines of argument have been adopted in the case of 
the ordinary forms of xylose, galactose, mannose, rhamnose 
and lyxose. 

The degradation of the methylated sugar may be repre- 
sented by means of the following formulae: 


CH-OH CO CO,H 



E = H for a pentose and R = CHg OMe for a hexose. 

A further proof of the pyranose ring in a*methylglucoside 
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and a-methylmannoside is afforded by a study of the products 
formed by the successive action of per-iodic acid and bromine 
or of barium hypobromite on these compounds {Jackson and 
Hudson, J. A. C. S., 1936, 378). A rupture occurs between 
carbons numbered 2 and 3 in the original ring, I, and Cg 
is completely eliminated. The product, II, after hydrolysis 
by hot water and oxidation with bromine gives oxalic and 
d-glyceric acid. 

CHa-OH CHa-OH 

®CH Os^ yCH — 0^ 

HO CH / . CH OMe HO CC) ^H OMe 

' -/CH(OH) :CH(OH) ' » HO CQ/ 

* I ' ^ II 

CHa-OH COOH 

OH OH CO OH 

HOCO 


d-Pructose. — This is also to be regarded as belonging to the 
pyranose series. It yields two stereo-isomeric a- and jS-methyl- 
fructosides, both of which are crystalline. The j3-compound 
is readily methylated and from the product a crystalline tetra- 
methylfructose can be obtained. This compound is very stable 
when compared with the tetramethylated aldoses; bromine 
water is practically without action, but digestion with nitric 
acid converts it into a carboxylic acid, trimethylfnicturonic 
acid, by the oxidation of a terminal -CHj-OMe group to 
COgH. The acid yields crystalline methyl and ethyl esters, 
and on further oxidation with acidified permanganate gives 
d*2 : 3 : 4-trimethyl-8-arabonolactone, the optical enantiomorph 
of the lactone obtained by the action of bromine water on 
/-trimethylarabinose (p. 915) and finally d-arabo-2 : 3 : 4-tri- 
methoxyglutaric acid (the enantiomorph of the final oxidation 
product of Z-trimethylarabinose). The formation of tins dibasic 
acid, 

H OMe OMe 

CO,H - C * C • C • CO,H, 

OMe H H 

proves that the ring formation which unites carbon atom 
No. 2 (the carbonyl group of the open-chain ketose mole- 
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cule) cannot involve positions 3, 4 or 5, and must therefore 
be between 2 and 6, and hence rf-fructose must contain a six- 
atom ring. 

The perspective formulae {Haworth) for a few monosac- 
charides are as follows: 


eCHgOH eCH^OH 

! 


H /•'■■■ 

OH 

HO /•> 

H 

1/ H 

4 

\i 

1 

1/ H 

\l 

hAV" 

H / 

H 

i\ OH 

H /I 

0 

OH 

n 

OH 

rf-yS-C i 1 u cop y ra n osc 

rf-a-Galactopyrano«e 

H 


H 


- 

\ 

H 

\l 

H 

j >' 

" on 

l\H 
HO \,^ 

0” /J 

l\H 

oh\^_ 

OH /I 

— •* 1 

OH 

ir 

OH 

H 


«-Arabopyr4nos« 


^-Fnlctopyranottc 


The only differences between an a- and a yS-compound is 
in the arrangements of the groups attached to the C atom 
next, in clockwise order of arrangement, to the 0 atom of 
the ring. 

A confirmation of the pyranose structure of the stable 
raonoses is found in a study of their optical rotations and 
Hudson's Lactone Rule (J, A. C. S., 1910, 338). Hudson re- 
viewed the physical properties of some 24 crystalline lactones 
derived from sugars, and drew the conclusion that, using 
the ordinary projection formul© for the y-lactones of the 
monocarboxylic acids derived from or related to simple 
aldoses, when the oxide ring of the lactone is formed by en- 
gaging an OH group on the right side of the carbon chain the 
optical rotation is enhanced in the dextro sense, and conversely 
when the OH engaged is on the left of the projection formula 
of the acid the optical rotation of the y-lactone is increased 
in the tevo direction. A few examples are: 
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00 

HO OH ! 

CO 

1 i 

H() (^ n 1 

no-r H 

1 O 

HOOH 

i 

HO(-H i 

i 0 

,,i ! 

1 

i 

J 1 \ ' V / I 1 

1 

H.(v — 

1 

H 6()H 

1 

H(’OH 

rn, OH 

j 

CH^OH 

CJl.OH 

d- A I 

ff-Cjlucono. 

rf-Mannono. 


A ()H 2^" 

4 

j (O 

! 

CO 

* H i' OH 

! H('of1 

ii COH 

0 1 

o 1 

<> 1 

, JK’OH 

HOCH 

i ) 

, HOCIi 

1 

L 

1 (Ml 

1 

CH 

j 

HC-OH 

1 

H-COH 

j 

HOOH 


' I I 

(’HjOH OHjOH fH, 

J-(iulono. rf-Galactono. rf-Fucono. 

~-67'4® ~77'({* -7fl;r 

The same generalization holds good also for Fischer* 6 syn- 
tlietic mannoheptonolactones and manno-octouolactone. If, 
however, it is attempted to include in the rule the aldoses and 
their monomethyl ethers, with their formula? based on a buty- 
lene oxide structure, numerous exceptions are encountered. 
On the other hand, if they are represented with an amylene 
oxide or pyranose structure, complete agreement with Hudson’s 
rule follows (Drew and Haworth, J. C. S., 192G, 2303), and so 
far no exception to Hudson’s rule has been met with in the 
case of the known aldoses, their methyl derivatives and all 
the corresponding lactones whether y or 8. 

The spatial conSgurations given to the a- and jS-compounds 
are based on the fact that, according to Boeseken, the presence 
of hydroxyl groups attached to two adjacent carbon atoms 
causes the hydroxyl compound to produce appreciable exalta- 
tion in the electrical conductivity of an aqueous solution of 
boric acid, and the effect is still more marked if the two 
hydroxyls are spatially adjacent, e.g. on the same side of 
the molecule. Experiments made with the a- and ^-glucoses 
corresponding with the a- and jS-glucosides show that the 
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a-compound product! a greater exaltation than tht p-, and 
hence the configuration represented, viz. with the OH groups 
in 1 and 2 on opposite sides of the molecule, is given to the p- 
compound, and to the a-compound is ascribed the configuration 
in which the two OH groups attached to C atoms 1 and 2 lie 
in the same plane (B., 1913, 2612). F'or further examples of 
the effect of hydroxy compounds on the electrical conductivity 
of boric acid cf. Abs., 1915, ii, 136, 667, 668; Irvine and 
SteeU, J. C. S., 1915, 1221. 


2. FURANOSE SERIES 

Fischer^s y-methylglucoside and the two stereo-isomeric 
y-ethylglucosides * (p. 912) differ markedly in chemical 
properties from the a- and jS-compounds, and are hence 
structurally different. Similar y-methyl derivatives have 
been obtained from most of the ordinary aldoses and ketoses 
by adopting a method similar to that used by Fischer, viz. 
by condensing the sugar and methylalcohol at room temperature 
in the presence of 1 per cent hydrogen chloride. These y- 
methylated sugars exist in two stereo-isomeric forms (y and 8) 
analogous to the a- and /3-methyl compounds. The non- 
alkylated y-sugars have never been isolated as they are ex- 
tremely labile and readily pass over into the more stable 
a and p forms (pyranose). The existence of two stereochemical 
forms of the labile sugar is however probable as Schulback and 
Huntenberg (B., 1927, 1487) have isolated two distinct penta- 
benzoyl derivatives of y-glucose. These compounds have 
[etju == +58’6° and —52*6®. The rotations of a- and /S-glucose 
are respectively -f-110° and 417*5° and their pentabenzoyl 
derivatives 4107*6° and 423*5°. 

The five-atom ring or furanose structure originally attributed 
to the a- and /3-methylglucosides has now been assigned 
(Baker and Haworth, J. C. S., 1925, 365; Haworth and others, 
1927, 1241, 2432) to the y-glucoside, and all labile or y-com- 
pounds are represented by similar formulse. So far no y-sugar 

• The four isomeric ethyl^lucosides may simply be termed a, y, and 
8, the a and p being stereo-isomeric pyranose compounds and the y and B 
similarly related furanose derivatives. Haworth and Porter (J. C. S., 

1929, 2796) prefer to call the a- and jS-compounds o- and /3-cthylgluco- 
j^ranosides and the y- and ^-compounds a- and /S-ethylglucofuranosidea. 
The melting-points and specific rotations [alo are respectively 111**-!!!*, 
-f- 160^; 73^. S2**-83^ +98*; -86®. 
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has been detected in natural products *** and no indication of 
y-glucose residue in any of the di- or poly-saccharoses has 
been adduced. On the other hand the fructose portion of cane 
sugar is almost undoubtedly a y-fructose (fructo-furanose) 
residue. 

The arguments used in favour of the furanose structure of 
the y-sugars are: 

1. The y-methylglucoside when fully methylated and then 
hydrolysed yields a y-tri (or tetra) methyl sugar, and when 
this is oxidized with bromine water a lactone is formed, whi^jh 
can be shown to be a y-lactone from its relatively slow rate of 
hydration. Thus from y-mcthylarabinoside a trimethyl 
y-arabinose is formed, and this yields a crystalline trimethyl- 
arabonolactoiio quite different from that obtained from the 
a- or j^-methylarabinoside, and difiicult to hydrate. 

y-Methylglucoside yields a tetramethyl-y-glucose different 
from the ordinary 2:3:4: 6-tetramethyl compound obtained 
from the a- and )8-methylgluco8ides, and with bromine water 
yields a y-lactone. 

2. The y- or furanose structure of the methylated lactones 
is confirmed by a study of their oxidation products with nitric 
acid or of the oxidation products of the methylated sugars. 
The trimethyl-y-arabinose on oxidation yields 2 : 3-dimethoxy- 
4-hydroxyglutaric acid. This indicates that the methyl groups 
are in positions 2, 3, and 5 (the last being eliminated during 
oxidation of the CHg OMe to CO^H) and the oxide ring occurs 
between positions 1 and 4. 

HOCHCH(OMo)CH(OMe)CHCH20Me 


-^COOHCH(OMe)‘CH(OM©)CH(OH)COOH. 

When the corresponding 2:3: 5-trimethylarabono-y-lactone is 
oxidized the product is dimethyl-d-tartaric acid (dimethoxy- 
Buccinic acid). 

0 : CCH(OM©)CH(OMo)CH»CHtOMe 


CO,H CH(OMe) CH(OMe) CO,H. 

^ But the mutarotation of aqueous solutions of galactose indicates the 
presence of other substances in addition to the a and p pyranose forms, 
tn all probability two furanose sugars. 
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Fission occurs between positions 4 and 5 and CHg-OMe is 
completely oxidized. 

When the tetrarnethyl-y-ghiconolactone is oxidized it yields 
oxalic acid and the dimethoxysuccinic acid, and these products 
can only be accounted for on the basis of the 2:3:5: 6-tetra- 
methyl structure of the original compound and hence the 1 : 4- 
oxide structure of the lactone. 

0 : C'CII(OMe)CH(OMe)CH‘CH(()Mo)-CH,OMe 

i ! 


C02H CH(OMe) CH(OMe) OOj,H + CO^H CO^H. 


The original sugar must also have been a 2 : 3 : 5 : 6-tetramethyl 
derivative with a 1 : 4-oxide or furanose structure. 

These y-sugars or furanoses may be written: 


Tctro';cs 

- Cil Oil 

! 1 

IIOCII Cll, 

/ 

o 

Furanose 


Hfxoses 


Pentoses 

HO CH — CII OH 

Hoifl 

\ / 

o 


Xylofuranosc, 

Aral>ot'urano8e, 

&c. 


HO CH — OH OH 

I ! 

HOCH CHCH(OH)CH,OH 

\ / 


Glucofuranosc, 

Mannofuranosc, 

&:c. 


In these formulae their relationship to furane {p. 668) is 
clearly seen. In the spatial formula for y-glucose the OH 


HOOHj 



H OH 


tt-Glucofuranosc 



OH H 

Fru ctof uranote 


groups in positions 3 and 6 are fairly close and hence a change 
of acyl groups from position 3 to 6 can occur. 
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In addition to the ordinary aldoses given in Chap. XIV‘, A., 
a number of other monosaccharides have been found in nature 
— usually as anhydrides comparable with the glucosides — and 
numerous other monosaccharides have been synthesized in 
the laboratory. 

Vaccilin, which occurs in cranberries, is glucose-6-benzoate. 
Digitoxose from the leaves of foxglove is a desoxy-methyb 
H H H 

pentose, CHj'C • C • C^CHa’CHO, and st^reochemically has no 
OH OH OH 

relationship to any of the natural hexoses, but to d-allose 
and d-altrose. 

Cymarose as a glycoside in Canadian hemp is the 3~methyl 
ether of digitoxose. Apiose occurs in parsley as the glycoside 
apiin and has the structure (OH-CH 2 ) 2 C(OH)-CH(OH)*CHO. 

Digitalose, isomeric with cymarose, derived from digitaiin 
is CH 3 -CH(OH) CH(OH)*CH(OH)-CH(OMe)-CHO. 
6-Ketofructose (5-fructonose), I, 


H OH 


OH CB.-CO C • C CO CH, OH. 

u 


can be obtained by the following series of reactions: 

Mannitol ->2:3:4: 5-dimethylene ether II, di-iodide III, 
diene IV, tetra-acetate V by treatment with Pb(OAc )4 
complete hydrolysis, give the diketose I. 


11 OH CHj CH CH CH CH CH.OH 


III 10H„ CH CH CH CH CHJ 


,CH. 


\/ 

OgCH, O, 


IV CH,:C • CH CH C:CH, V OAcCH, C(OAc) CH*CH C{OAc) OH,Ao 

"XcH, KcH, ^ 0,CH. 


This sugar reduces Fehling^s solution in the cold, gives 
crystalline phenylhydrazone and osazone and can be fer- 
mented by yeast. 

Septanoses, monosaccharides with a seven-membered ring 
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(A., 1933, 507, 138) and a stability comparable with that of 
the furanose ring. 


H 



( 

H 


The structure is proved by the formation of a tetramethyl 
derivative (after hydrolysis of the pentamethyl compound) 
and the oxidation of this to a tetramethyl mucic acid. 


3, SUGARS WITH ACYCLIC STRUCTURES 

Open-chain aldoses (i.e. Fischer's open-chain compounds) 
probably exist in minute quantities in aqueous solutions of 
most aldoses, with glucose not more than 0-25 per cent, but 
mannose may contain as much as 2 per cent, and it has the 
power of restoring the colour to Sohiff's reagent (p. 559). 
The pentamethyl derivatives of glucose, mannose and galactose 
undoubtedly have the open-chain structure, OMe-CHg* 
(CH*0Me)4*CH0, and they readily form diacetals. The method 
of formation is from the diethylmercaptals, methylating to 
form the pentamethyl derivatives and removing the ’SEt 
groups by means of mercuric chloride: 

OH CH,-[CH-OH ]4 CH(SEt)a OMe CHj'[CH OMc], CH(SEt), 

OMe-CH‘[CH-OMoj‘ cHO. 

Similar pentacetyl and pentabenzoyl compounds, and 
also an open-chain pentacetylfructose (J. A. C. S., 1929, 
2188; B., 1930, 1551) have been obtained by similar 

methods, and another method is to acetylate the oxime of the 
sugar to a hexacetyl derivative and then hydrolyse with 
oxalic acid to the pentacetylhexose {: N-OAc replaced by : 0) 
(J. A. C. S., 1934, 1804; 1936, 1781; Bio. J., 1936, 374). 
Heptacetyl derivatives, AoO-CH 2 {CH’OAc) 4 *CH(OAo)j, are also 
stable (J. A. C. S., 1935, 2498). 

Action of alkalis on hexoses.— Xo&ry de Bruyn (B., 1895, 
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3078; Reo., 1897, 274) found that dilute alkalis can brin^ 
about interconversion of glucose, fructose and mannose, and 
Wohl and Neuberg (B., 1900, 3095) proved that starting with 
any one of the above hexoses an equilibrium mixture is ob- 
tained, and explained the change as due to the formation of 
an enol which is the same for all three hexoses, viz. 

H OH OH 

0HCH:C{0H)C • 6 • CCHa-OH, 

HO li H 

as C atoms 3, 4, 5 and 6 are the same in all three sugars. For 
differences in action of sodium and calcium hydroxides cf. 
A., 1936, 626, 221. 

Fructose can give rise to a 2nd enol, 

HO OH 

OH CH, C(OH) : C(OH) 6 • C CH. OH, 

H H 

and this can revert either to fructose or to new ketose termed 

glutose, 

OH OH 

OH CH, CH(On) CO C • O CHaOH, 

H H 

which has been isolated and examined (J. Biol., C., 1926, 68, 1). 
It has the carbonyl group in position 3, is not fermentable, 
docs not form a hcxose phosphate, and is not utilized by a 
diabetic patient. The treatment with mild alkalis has proved 
useful for the isolation of new sugars. 

When very concentrated alkalis are used the products are 
saccharinic adds, 0HCH2[CH0H]2CH2-CH(0H)C02H, 
formed by the oxidation of one part of the hexose molecule 
and the reduction of another (cf. Cannizzaro Reaction, p. 489). 

Most sugars with weak alkalis peld methylglyoxal, 
CHg'CO'CHO, which can be removed by distillation. (For 
full discussion cf. Nef, A., 1907, 867, 301.) 

Concentrated ammonia saturated with zinc chloride gives 

CMe-NH. 

methylglyoxaline with many sugars, !! ^CH {Winiaua, 

6h— N ' 
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B., 1906, 3886; 1907, 799), and the corresponding carboxylic 
acid (COgH in place of CH3), imidazole-4-carboxylic acid, is 
formed from glucose and ammonia saturated with cupric 
hydroxide (Par rod, Annales, 1933, 19 , 205). 

Synthesis of a hexopyranose from a pentaforanose. — Al- 
though so far it has not been found possible to synthesize a 
tetramethylhexose from d-tartaric acid, it has been found 
possible to synthesize Z-tetramethyl-gluco-S-lactone and -man- 
no-5-Iactone from Z-trimethylarabofuranose by the series of 
reactions given on p. 927 (Haworth and Peat), and from these 
lactones the corresponding tetramethylated hexoses can be 
obtained by reduction. 


B. Oligo-saccharides 

The disaccharides can be regarded as analogous to the 
methylglucosides, another hexose molecule playing the part 
of the methyl alcohol. Thus the reducing group of one mole- 
cule of hexose forms an anhydride by reacting with a hydroxyl 
group of a second hexose molecule, either similar to or different 
from the first. The second hexose group in the majority of 
cases retains its own reducing group intact, the condensing 
hydroxyl group being situated lower in the carbon chain. 
In a few cases, e.g. sucrose, the reducing group of the second 
hexose residue is involved in the condensation, and these 
form the group of non-reducing disaccharides. The former 
group — the reducing disaccharides — have reducing properties, 
exhibit mutarotation, and yield osazones. 

The true structure of a disaccharide can only be settled after 
the following points have been established: 

1. The nature of the monosaccharides — whether aldoses or 
ketoses — taking part in the condensation. It is not only 
necessary to determine whether these are glucose, mannose, 
fructose, &c., but also whether they belong to the furanose or 
pyranose type, and whether the i or Z form. 

2. If the reducing group of the second hexose molecule 
does not participate in the union, it is necessary to fix the 
position of the hydroxyl group which forms the oxide. 

3. As the reducing group of the first hexose molecule takes 
part in the condensation it is necessary to ascertain if this 
condensation is of the type of the a- or of the j9>methylgluco* 
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Trimethyl-y-ai -ibinose 

(;H UH 


HOOMe 
MoOC’H 

I 

C H 

COj,H 

1 

HCOiMo 

I 

HC OMe 

I 

OMcv(^H 

i 

CHgOMo 

I 

C^O 


Ethylrhloroforiiiato 

KCN 




OMe 




I 


Hydrolysis 


OHjOMo 

A-Tetnunethyl-a-mannoIactone 


CN 

CHOCOjEi 

1 

HtU.Me 

I 

MeOCll 
H0 (' H 

(I'HjOMe 

4 

COjH 

OMi-CH 

I 

Ht; OMe 

OMcOH 

1 

HOCH 

(ilHjOMf 

00 


o 


OMeCH 

I 

HC'OMe 

OMeCH 

I 

OH 


CH,0Me 

/-TetramcthyUS-gluconolactone 


Bide, i.e. is the first hexose residue derived from the or 
/3-form of the hexopyranose, and similarly for the second 
hexose residue if the reducing group of this is involved. 

For purposCwS of study the fully methylated, octamethyl- 
derivatives are generally used. These methyl derivatives are 
quite stable, but it has to be borne in mind that some of the 
disaccharides are sensitive to alkalis, and hence in their methyla- 
tion an excess of methyl sulphate should always be present; 
others, however, are sensitive to acid, and then an excess of 
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alkak ia ucaasaarj during methjlation. Careful hydroljaw of 
each fully methylated molecule gives rise to two molecules of 
methylated monosaccharide (usually hexose), which can be 
purified by distillation under extremely low pressures and 
crystallization. In the case of the reducing sugars, one of the 
hexoses formed is a tetrametbyl derivative and the other a 
trimethyl derivative * containing a free hydroxyl group, and 
the first stage is to determine the position of this hydroxyl 
in the carbon chain of the hexose. 

Maltose (J. C. S., 1919, 809; 1926, 3094).— The products of 
hydrolysis of the syrupy octamethylmaltose (b.-pt. 201-203/ 
0-03 mm.) are the well-known 2:3:4: 6-tetramethylgluco- 
pyranose, melting at 93°-94° (cf. p. 916), and a trimethylglucose 
which has been shown to be 2 : 3 : 6-trimethylglucopyrano8e. 
The structure of the latter follows from (a) its conversion 
into the above-mentioned 2:3:4: 6-tetramethyl derivative on 
further methylation; (6) its oxidation to d-dimethyltartaric 
acid, C02H*CH(OMe)-CH(OMe)*CO,H,t 


H OMe H H 

CH(OH) 

0 


H OMe 

■CH, OMe -V COjH C (! cO,H 

Amo a 


The formation of these two methylated glucopyranoses is 
in complete harmony with the view that both portions of the 
maltose molecule contain the pyranose ring, and that the 
union of the two involves position 1 of the one and position 4 
of the other hexose molecule. Although this is probable, 
there is a little uncertainty as it is just possible that the por- 
tion of the molecule yielding the trimethylglucopyranose con- 
tains a furanose ring and that the union of the two rings is 
between carbon atom No. 1 of the first hexose molecule and 
carbon atom No. 6 of the second. The initial products of 
hydrolysis would then be 2 : 3 : 4 ; 6-tetramethylglucopyranose 
and 2:3: 6-trimethylgIucofuranose (a y-sugar), and, as posi- 
tion 5 is not methylated, this could easily pass into the more 

•One methyl group is removed during hydrolysis, viz, the one corre- 
sponding with the methyl group in the methylglucosides, i.e. in position 1 
in the pyranose ring not united in position 1 to the second pyranose ring. 

t The isomeric 2:3: 4>triiiietbyl- and 2:3: S-trimethyl-glucoses do not 
yield dimethyl tartaric acids on oxidation. 
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stable 2:3: G-triniethylglucopyranose, which is the product 
actually isolated. The question, however, has been definitely 
settled by an examination of the monobasic acid, maltobionic 
acid, formed by the oxidation of maltose with bromine water. 
By this means the oxide ring in one glucose residue is ruptured 
by the oxidation of the reducing group. When completely 
methylated, first with methyl sulphate and alkali and finally 
with methyl iodide and silver oxide, it yields methyl octa- 
methylmaltobionate, and the hydrolysis of this with dilute 
mineral acid produces hydrolysis of the ester and also a 
cleavage of the linking between the two hexose groups, and the 
products are : 2:3:4: 6-tetramethylglucopyranose and the 
lactone of a tetramethylgluconic acid. Its rate of hydration 
shows this to be a y-lactone, and it has been proved to be 
identical with 2:3:5 : 6-tetramethyl-y-gluconolactone, m.-pt. 
26®~27°. Hence it is position 4 and not 5 in the acid which 
has the free hydroxyl group, and hence the union of the two 
hexose groups in maltose is between position 1 in the first 
and position 4 in the second, and therefore this second group 
must have its oxide linking between positions 1 and 5, i.e. it 
must be a glucopyranose residue. The union is of the type 
of a-methylglucoside as maltose is completely hydrolysed by 
maltase, an enzyme which is capable of hydrolysing a- but 
not ^-glucosides. 


CHjOH 

I ( 

1/ 


OIL-OH 


h£\ 


\ 


II 


Oil 

I 

H 




“/ 

in 


I 

H X " 
(t) 


-O 


\ H 

\l 


i'/Ah 


OH 


I. a-Glucose II. a-Glucose 

Maltose or glucopyranose- 4-a-glucDpyranoside 


Lactose (J. as., 1918, 188; 1922,1213; 1927,544; B., 1923, 
1957). — When lactose is methylated and then hydrolysed, the 
products are 2:3:4: 6-tetramethylgalacto*pyranose, melting 
at 71®~72®, and the same 2:3: 6-trimethylglucopyranose as is 
obtained from the methylated maltose, and as lactose is 
hydrolysed by lactase it must be a jS-galactoside. Lactobionic 
acid, corresponding with maltobionic acid, when methylated 
and hydrolysed yields 2:3:4: G-tetramethylgalactopjiranose 

4 B 480 ) 
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and the same 2:3:5: 6-tetramethyl-y-gluconolactone as 
obtained from the methylated maltobionic acid. It therefore 
consists of a j3*galactose group united in position 1 by means 
of oxygen to position 4 in a ^-glucose residue. 


H OH CHjOH 



CH., OH H OH 

)3-Galactose ^-Glucose 

j9-Glucopyrano8e-4-p-galactopyranoside 


CeUobiose (J. C. S., 1921, 193; 1926, 98; 1927, 2809), an 
intermediate product obtained in the hydrolysis of cellulose 
(cf. p. 363), when investigated by the method already indicated 
in the case of maltose, gives identically the same tri- and tetra- 
methylglucopyranoses and the fully methylated cellobionic 
acid (p. 360) gives the same products as methyl octamethyl- 
malt/obionic acid. As the biose is hydrolysed by emulsin, the 
specific for a ^-glucoside, it undoubtedly consists of two 
glucose groups with an oxide linking between position 1 in 
the first residue and position 4 in the second. 



It has been synthesized by Frevdenberg and Nagai (B., 1933, 
27) from aceto-broraoglucose and i-glucosan with 50 per cent 
sulphuric acid and its octamethyl derivative by Irvine (B,, 1930, 
1961). 

OentioMose (p. 360) (J. C. 8., 1923, 3120, 3125; 1927, 1527) 
on methylation and hydrolysis gives 2:3: 4-trimethyI-* and 


* Me in position 1 it removed during hydrolysis. 
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2:3:4: 6 -tetramethyl-glucopyranose, and as it is hydrolysed by 
emnlsin contains two ^-glucose residues united by oxygen in 
position 1 of one residue and position 6 of the other. Confirma- 
tion of this is furnished by the oxidation of the sugar to 
gentiobionic acid, and the hydrolysis of the completely methy- 
lated acid to 2 : 3 : 4 : 6 -tetramethylglucopyranose and an acid 
proved to be 2 : 3 : 4 : 5-tetramethylgluconic acid, as it yields 
an ester but no lactone, and on further oxidation with nitric acid 
yields tetramethylsaccharic acid, C 02 H*[CH* 0 Me] 4 *C 02 H. 


CH,oH on 



H OH OH H 

^-Glucose )5-Glucosc 

Glucosc-0-/9-j?lucosidc 


It has been synthesized from Fischer's acetobromoglucose 
and 3 : 5-benzylidene-l : 2-isopropylideneglucose, and the sub- 
sequent removal of CHg'CO*, CgHgCH: and ( 0113 ) 20 : groups 
(B., 1936, 1219) and another synthesis {Helferichy Klein and 
SchdfeTy A., 1926, 447, 19; 450, 225) is from 6 -triphenyl- 
methyl-a-methylglucoside; when benzoylated and treated with 
phosphorus pentachloride, this gives 2:3: 4-tribenzoyl-6- 
bromo-methyl-glucoside,* m.-pt. 122 °. From this 2:3:4- 
tribenzoylmethylglucoside can be obtained, and when this is 
condensed with 2:3:4: 6 -tetracetyl-l-bromo-gIucopyranose 
and the product hydrolysed carefully to remove acyl groups 
methylgentiobioside is obtained. 

OMe CH [CH OH]j, CH CH, O CPh, OMe CH[CH OBz]8*CH CH,Br 

I O i ' o ' 

OMe CHLCH OBzla-CH CHj OH -f Br CH[CH OAc ]3 CH CH, OAo 

! 0 ' I- — 0 — I 

-►OMeCH[CHOH],CHCH,CH[CH,OH],CHCH,OH. 

I o 1 I O- — I 


• The structure of this follows from the fact that on reduction and hydro- 
lysis it yields oo-rhamnosc, CH, CH[CH OHl. CH OH. 

! — o * 
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Melibiose, one of the hydrolytic products of rafBnose (p. 360), 
is similar to gentiobiose; its octamethyl derivative yields 
2:3:4: 6-tetramethylgalactopyranose, and 2:3: 4-trimethyl 
glucopyranose, and the completely methylated melibionic acid 
on hydrolysis yields 2:3:4: 6-tetramethylgalactopyranose 
and the same 2:3:4: 5-tetramethylgluconic acid as is ob- 
tained from the methylated gentiobionic acid. 


H 

I _ 

H . i 

1/ OH 

!\ H 
oh\j 


OH 


OH 

1 

\ 0 

H \| 

1/ 

1 

h\ 


CII^OH 

a-Galactose 




H 

I. 

OH 


/S-Gluco8e-6-a-galactoside 


^-Glucose 


It would thus appear that in trisaccharides and in certain 
glucosides such as emulsin the hexose residues are united by 
means of oxygen between the 6th carbon atom (i.e. the side 
chain of the pyranose ring) of one residue and the first carbon 
of the second residue. 

Further confirmation of the a- or jS-glucosidic structure of 
the disaccharides mentioned is obtained by a study of their 
optical rotations. In the following table column 1 gives the 
specific rotations of the methyl esters of the hexamethyl- 
monobasic acids derived from the disaccharides, column 2 
gives the values for the mixed hydrolytic cleavage products 
after equilibrium is attained, and the values for the ordinary 
monomethyl glucosides and galactosides are: 

a-methylglucoside -fl58® a-mothylgalactoside -f-193® 
^-methylglu coside -34® jJ-methjlgalactoside —1° 


1. Methyl octameihylmaltobionate 4-121® -h65° 

2. Methyl octamethylmelibionate +106 +64 

3. Methyl octamothylcellobionate 4 6 +66 

4. Methyl octamcthyl-lactobionat© +34 +77 


Presumably esters Nos. 1 and 2 are a- and esters Nos. 3 and 
4 jS-compoimds. Further the reduction in the rotation value 
on cleavage (column 2) of Nos. 1 and 2 can be due to the change 
of the a-sugar (high rotation) to the equilibrium mixture of 
a- with ^-sugar (low rotation) and the enhancement in Nos. 3 
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and 4 io the liberated /S-BugarB passing into an equilibrium 
mixture of a- and jS-sugars (J. C. S., 1927, 314G). 

Sucrose (J. C. S., 1916, 1314; 1920, 199).— Sucrose has no 
reducing properties, shows no mutarotation, and does not 
yield an osazone. It is thus an anhydro compound in which 
the reducing group of each of the two components is involved. 
When hydrolysed the final products are (f-glucopyranose and 
d-fructopyraiiose. When, however, its octamethyl derivative 
is hydrolysed the products are 2:3:4: 6-tetramethylgluco- 
pyranose, and 1:3:4: 6-tetramethylfructofuranose (I), ob- 
tained pure as a liquid with [ajo “ +31*7° by hydrolysis of 
heptamethylsucrose and removal, by distillation, of tri methyl- 
glucose formed at the same time. 

The structure of this furanose has been established: 

(1) By oxidation to a trimethylfructuronic acid (II) with the 
ebmination of a methyl group indicating the presence of a 
terminal CH 2 *OMe group. This monobasic acid has reducing 
properties, showing the presence of the ketose reducing group, 
and this property disappears on complete methylation. 

(2) On further oxidation with acidified permanganate the acid 
yields i-2 : 3 : 5-trimethyl-y-arabonolactone (III), the optical 
antipodes of that obtained by oxidizing l-trimethylarabono- 
furose, and on still further oxidation with nitric acid d-dirae- 
thoxysuccinic acid (IV) is obtained. 


CH.OMe 
HO-i— 


MrOC-H 

H-ioMe 

H-i- 


o 


<!;k.- 


OMe 


CO,H 


II 


H-ioMe 

h.L 


0 


All,- 


OMe 


m 


CO— ~ 
Meoi-H 
H-i-OMe 


IV 


dlH,- 


OMe 


OO.H 

MeO-(!;-H 

H-ioMe 

io,: 


H 
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CH, OH 



Synthesis of Sucrose. — Pictet and VogeVs claim (Helv., 
1928, 436) to have synthesized octacetylsucrose by condensing 
tetracetyl-fructo-furanose with tetracetylglucopyranose has 
not been confirmed, but an i^osucrose octacetate is formed 
by recondensing the products formed by splitting octacetyl- 
sucroae with acetyl bromide. It has m.-pt. [a] -h 

19-3, is somewhat unstable, and is probably jS-glucose-^- 
fructofuranoside (Irvine and Oldham ^ J. A. C. S., 1929, 1279, 
3609). According to Klages and Niemann (A., 1937, 629, 185), 
all attempts to synthesize an a-glucoside-/9-fructofuranoside 
give negative results, but in some cases an isomeric jS-glucose- 
a-fructofuranoside is formed. 

Raflftnose and Gentianose (J. C. S., 1923, 3125; 1927, 1527, 
3146). — Raffinose on methylation takes up 11 methyl groups 
and on hydrolysis of the methylated product the following 
compounds can be isolated, 1:3:4: b-tetramethylfructo- 
furanose, 2:3: 4-trimethyIgIucopyranose and 2:3:4:6- 
tetramethylgalactopyranose. The structure of the original 
sugar is hence 

Sucrose residue 


CH(OH)CH(OH) 


daoK 

\ 


^HOCHjdH 


CH(OH)CH(OH) 


/ 


CH O 


H 

\ 


i: 


H,OH 


Melibiose residue 


CH-OH 

[ XH(OH)CH(OH) 

|\0 CHCHj-OH 

CILOH 


since when hydrolysed with emulsin it yields galactose and 
sucrose and with invertase it yields fructose and melibiose. 

Gentianose is similar but contains the gentiobiose residue 
in place of the melibiose group. 

Scamnose is built up of glucose, rhamnose and fructose 
residues, solanose of glucose, galactose and rhanmose residues 
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and melezitose is l-a-gluco8e-2-j8-fructofuranose-6'a-gIucoside. 

Stachyose, a tetrasaccharide, present in ash manna and in 
the tubers of Siachys tubifera, is hydrolysed by dilute acetic 
acid to fructose and a reducing trisaccharide manninotriose 
from which galactose (2 mols.) and glucose (1 mol.) can be 
obtained. A study of the methyl derivatives of stachyose and 
of manninotrionic acid prove that the fructopyranose and 
glucopyranose are united by their reducing groups, that the 
reducing group of one galactopyranose is linked to C4 of 
the glucose, that the 06 of the former is combined with the 
reducing group of the second galactropyranose residue, but 
whether the linkings are a or ^ has not been decided {Onuhi, 
1932). 

C. Acyl and Acetone Compounds of Sugars 

Wandering of Acyl Groups, — Numerous cases of the wander* 
ing of acyl groups during reactions in which acetyl derivatives 
of sugars are involved have been noted (for summary cf. Rep., 
1934, 172), more particularly under the influence of traces of 
alkali, e.g. from Cl to C4, from C4 to C6, from C2 to C6, from 
C3 to C5, and from C3 to C6, and may be explained in certain 
cases by the formation of an ortho acetic ester, e.g. trans- 
ference from C4 to C6 by aid of the cyclic ortho-acetate ; 



It follows that structures based on experiments made with 
acetyl derivatives must be accepted with a certain amount of 
reserve. 

The aldoses and ketoses readily condense with acetone, 
yielding, e.g., glucose-acetone and glucose-diacetone. Many of 
these are crystalline compounds and some can be distilled 
under very low pressures. They are to be regarded as isopro- 
pylidene derivatives of the sugars, the divalent isopropylidene 
group (CH 3 ) 2 G: replacing the hydrogen atoms of two hydroxyl 
groups in the sugar. The two hydroxyl groups are usually 
attached to two adjacent carbon atoms in the chain, or, if not, 
they must be spatially adjacent. Di-isopropylidene-glucose is 



936 


LVI. CARBOHYDRATES 


obtained by shaking an acetone suspension of glucose with a 
small quantity of hydrogen chloride, zinc chloride, or an- 
hydrous copper sulphate, 

CMe, 

CHC) C5H«(0H)5 + 2COMea ->• CHO C6H«(OH)< + 2HaO. 

VMe, 

It has no reducing properties, but contains one free hydroxyl 
group and yields a monoinethyl ether, which, on acid hydrolysis, 
yields 3-methylglucopyranose. The diacetone compound on 
partial hydrolysis yields the monoacetone derivative, mono- 
isopropylidene -glucose, a non-reducing compound, which on 
methylation and subsequent hydrolysis yields a trimethyl - 
glucose, and this on complete methylation and oxidation yields 
tetramethyl-y-gluconolactone. This proves the 1 : 4 oxide or 
furanose structure of the tetramethylglucose and hence of 
the original mono- and di-isopropylidene compounds. 


CEO. 

yme 

H-C O' 


t 


HOOH 


0 


HC 

HC - Os 




CH,0/ 

Diacetone glucose 


OHO. 

>CMe* I 
HC ^ 

Eocn j 

H-C > 

H'COH 

CH,OH 

Monoacetone glucose 


(Cf. J. C. S,, 1929, 1329, 1337.) 

d-Fnictose yields two structurally isomeric diacetone deri- 
vatives, both of which have been shown to be pyranose deri- 
vatives and both are non-reducing. 


>CMe, 

(a) HOC'H 

HCO. 

• >CMe, 
HCO'^ 

CH, 


CH.OH 


(fi) 


.00— 

Me,C< • 


CO. 

CH, 


6 


Haimose diacetone is interesting as it exhibits nautarotation 
and has reducing properties, and hence the reducing group has 



ACETONE DERIVATIVES 


937 


not participated in the condensation. It is represeutod as 

6hoh 


Mea 


O Oil 
H 


\oc- 


HO 


6 


HC ()^ 

CHa-O 

i.e. a furanose although obtained from marmopyranose. 

The general conclusion (Haworth) based on the known re- 
actions so far studied is that acetone residues condense with 
appropriately situated (structurally or spatially) hydroxyl 
groups in any sugar regardless of any preformed oxide system 
in the sugar. The sugar ring adjusts itself to that position 
(whether 4 or 5) left open after the preferential selection of 
jjositions of entry is made by the isopropylidene groups. Thus 
a change in ring may occur during the formation of acetone 
derivatives, and has actually been noted in the cases of 
d-glucopyranose, d-mannopyranose and d-xylopyranose, which 
yield furanose isopropylidene derivatives. The a- and 
methylmannopyranosides yield diacetone derivatives with 
isopropylidene groups in positions 2 and 3, 4 and 6, i.e. the 
pyranose ring remains infract, and one of the isopropylidene 
groups is attached to two oxygen atoms which are not linked to 
adjacent carbon atoms. The two OH groups concerned must, 
however, be sufficiently near to admit of the ring closure by 
iCMcg. If free methyl alcohol is present during the condensa- 
tion then the 2:3, 5 : 6-diacetone compound is formed and 
the product is a furanose compound. 

With d-fnictopyranose and d-galactopyranose no such 
change occurs. The usual position of the hydroxyl groups 
affected is in the cis-position and attached to two adjacent 
carbon atoms, but this is not invariably true as in xylo- 
pyranose the hydroxyl groups attached in positions 3 and 5 
condense with acetone. 

Benzaldehyde can also condense with certain monosac- 
charides, the 0 of CHO reacting with the H of two adjacent 
OH groups. In this case no conversion of a pyranose into a 
furanose compound occurs, but a furanose with OH group 
spatially suitable will yield a benzylidene furanose compound 

(b4S0) 31^ 
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Sugar carbonates (Haworth and Porter, J. C. S., 1921), 279G; 
1930, 151). — Similar to the acetone compounds are the sugar 

H C O. 

H •(’•() 

O 

II llOC-H ! 

H-C i 

H-C 0\ 

>co 

CH.,0^ 

carbonates, obtained by condensing the sugars with carbonyl 
chloride in pyridine or mildly alkaline solutions. They are 
crystalline compounds and unlike the acetone compounds they 
are unstable to alkalis but much more stable to acids. 

The glucofuranose carbonate I is interesting as being the 
first definite glucofuranose derivative with the free reducing 
groups to be isolated. 

A mixed derivative, glucose-acetone-carbonate II, is formed 
when a glucose suspension in acetone is treated with carbonyl 
chloride. It forms large crystals, m.-pt. 143°-145° and[a]D - 64*^. 
Digestion with dilute acid in the presence of methyl alcohol 
eliminates the isopropylidene group and introduces methyl 
yielding the carbonate of methylglucofuranoside III. 

OMe H OH H H 

C • 6 • C • 0 ■ CHj 

OH H I 6 O 

0 1 \ y 

(’O 

D. Polysaccharides 

Starch and Cellulose.* — The two commonest polysaccharides 
are starch and cellulose; the former on hydrolysis yields 
maltose and the latter cellobiose, but the final hydrolytic pro- 
duct of both is d-glucose, indicating that both polysaccharides 
are built up of glucopyranose units united in 1 ; 4-po8itions. 

• 1. Biochemistry of Cellulose, Norman, London, 1937. 

2. An Introduction to the Chemistry of Cellulose, Marshall and Wood, 
London, 1938. 

3. Haworth, C. and I., 1989, 917. 
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The difference between the two is that in the starch molecule 
the units are a-glucopyranose and in cellulose /3-glucopyranose, 
as indicated by the partial hydrolytic products, maltose and 
cellobiose respectively. 

The result of the union of a number of a-glucopyranose 
molecules as in maltose results in a structure represented in 
part by I, a characteristic of which is that the ’CHg-OH group 
of each glucose residue lies above the plane of the paper; 
whereas the union of a number of ^-glucopyranose groups 
gives a structure II in which the -CHg'OH groups alternate 
between the upper and lower planes, thus producing a more 
eymraetrical configuration. It is clear therefore that the great 
differences between the chemical and physical properties of 
starch and those of cellulose are due not to structural but to 
stereochemical cause.s, viz. the a- or jS-linking of the gluco- 
pyranose residues. 
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The repetition of a-glucopyranose (or maltose) units in a 
long chain yields a model which differs in a zigzag or spiral 
fashion from the more or less straight line furnished by the 
union of cellobiose residues in celhilose. This may account 
for the marked differences in the X-ray diagrams for natural 
cellulose and starch. The former yields a regular pattern, 
whereas the latter does not readily. The size of cell required 
by the X-ray diagram for cellulose agrees with the stereo- 
chemical structure given above. 
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Many attempts have been made to ascertain the number 
of maltose or cellobiose units in starch and cellulose respec- 
tively; in other words, the molecular weights of the two 
compounds. Many of these are physical, e,g. the viscosity 
method (Staudiiiger, cf. B., 1936, 819), the sedimentation 
method of the ultra-centrifuge and osmotic pressure of acetyl 
and methyl derivatives. 

The different methods give different results, varying from 
15 to 500 thousand as the molecular weight, and it is agreed 
that the laws which hold good for short-chain molecules may 
not hold good for complex aggregates. 

A chemical method used by Haworth and his co-workers 
(J. C. S., 1932, 2270) is to methylate the complex carbohydrate 
and then to determine the relative amounts of tri- and tetra- 
methyl glucoses formed on hydrolysis. It is clear that only 
one terminal methylated glucopyranose unit can yield a 
tetramethylglucose ; all the inner units and one terminal * will 
yield the trimethylglucose. Adopting this method the result 
indicates approximately 100 to 200 glucopyranose units in 
cellulose. This must be regarded as the lowest limit possible, 
as partial decomposition during the reaction is not completely 
excluded, (For criticisms cf. Neumann^ B., 1937, 710.) The 
physical methods indicate much larger molecules, and it is 
possible that these larger aggregates may be due to the union 
of the smaller molecules by co-ordinate links or by physical 
forces. 

Starch molecules contain both phosphorus and silicon, but 
very little is known of the amounts or the method of union. 
Waldschmidt and Leitz suggest the union of several polysac- 
charide molecules into complexes by phosphoric ester finks. 
These are broken by the enzyme amylophosphatase, yielding 
amyloses and liberating inorganic phosphates. Both a- ami 
)S-amylose when examined by Haworth's methylation process 
give similar results, viz. 26-30 glucose units or a molecular 
weight of about 5000, and starches of different origins give 
similar results. It is claimed that the value is too low for 
a-amylose as during the various processes involved in methy- 
lation some )5-amylose degradation may occur. The viscosity 
method gives results 5-20 times that just indicated, and shows 
higher values for a- than for )8-amylose. 

• The one with the OMe attached to the C adjacent to the O of ring 
and hence readily hydrolysed like the methylglucoridea. 
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Whera examined by the metbylaiion method the different 
dextrins give numberB varying from 17 units for a-amylo- 
dextrins to 5 for the simplest dextrins, and many exhibit 
a tendency towards molecular aggregation. 

Potato starch itself has slight copper-reducing properties, 
about yjo of that of maltose, and it is claimed that the chain 
length of a given starch — and also of its fission products- - 
can be determined by its copper-reducing value. This method 
indicates 1470 glucose units for potato starch and 460 for 
maize starch. 

Inolin is built up of fructofuranosc residues as the main 
product of hydrolysis of the completely methylated carbo- 
hydrate is 3:4: G-trimethylfructofuranose. Characteristic is 
the readiness with which it hydrolyses under the influence of 
mild reagents, e.g. when boiled with water its molecular weight 
diminishes from about 5000 to half of this in 28 minutes. It also 
yields a bioseanhydride, viz. 1 : 2-difructofuranose anhydride : 



The method of methylation and subsequent hydrolysis 
indicates 30 fructofuranose units, and this conclusion is con- 
firmed by ebulliscopic and osmotic pressure methods for 
determining molecular weight. 

The structure cannot be represented by a plane formula, 
and the following formula has been suggested by Haworth: 



repeated to give 30 furanose units. 
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The dott>ed lines indicate the direction of cleavage in the 
formation of the anhydride. 

It is also possible that the molecule is built up of biose- 
anhydride units united by co-ordinate links, viz. the 0 of the 
central ring donating to H of the central ring of another unit. 

A water-soluble polysaccharide is found in the leaves of 
certain grasses. It is built up entirely of fructofuranose units 
united in positions 2 and G, and as the number of units is 10 
the formula may be represented as follows: 



1 I 

6h h 


Licbenin, present in the cell wall of many lichens, appears to 
be built up of 80 gluoopyranose units, and xylan, a constituent 
of esparto and other grasses, yields on hydrolysis 93 per cent 
of xylopyranose and 7 per cent of arabofuranose and consists 
of a terminal arabofuranose unit and 19 xylofuranose units. 
During the breakdown of the molecule the arabofuranose 
residue is first removed and the xylodextrin formed contains 
xylopyranose units only, as the hydrolytic products of the 
methylated carbohydrate are mainly dimethyl-, with a little 
trimethyl-xylopyranose formed from a terminal xylopyranose 
residue. 

Synthetic polysaccharides are formed by the action of moulds 
(Penicillium) on nutrient media containing glucose and other 
sugars. Thus P. Oharlesii with glucose yields two carbohydrates, 
one composed of mannose units and termed maimooarolose 
and the other of galactose units. 

Molecular weight determinations of the acetyl derivative of 
mannocarolose in o-cresol corresponds with a complex of 9 
mannose units, and the methyl derivative on hydrolysis 
yields tetramethylmannopyranose (13 per cent) and 2:3:4- 
trimethylmannopyranose (87 per cent), and it is stiggested 
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that the units are united in 1 ; 6-positions by means of an 
a-linking {Haworth^ Biochem. J., 1935, 612). 

Varianose, obtained by the growth of P. variana on glucose 
solutions containing nutrient media, has three types of units, 
viz. glucose, galactose and idose or altrose, all of the pyranose 
typea and in the relative proportions 1:8:1 (Bio. J., 1935, 
2668). 

Immuno-polysacchandes. — Many organisms, e.g. Pneumo- 
coccus^ streptococcus i gonococcus^ during their growth produce 
compounds of polysaccharide nature which have active im- 
munity against specific diseases (cf. J. Exp. Med., 1936, 64 , 
557). 

Other natural polysaccharides are the mannan and galactans 
built up of mannose and galactose units. Tuhera salep mannan 
contains the mannan units combined in the same way (1 : 4) 
as glucose units in starch and contains probably 60 units. 

Plant Gums and Mucilages. — These are polysaccharide in 
structure, but usually contain a diversity of sugar units joined 
together by glucosidic links (C. and I., 1937, 724). The number 
of diSerent sugars may be as high as five and of both pyranose 
and furanose types, e.g. glucose, mannose, galactose, fruc- 
tose, xylose, arabinose, rhamnose and fucose, and usually 
glycuronic or galacturonic acid. Gum arabic has been shown 
to contain as part of its molecule the aldobionic acid formed 
from glycuronic acid linked glucosidually to the 6th C atom 
of a galactose residue. 


E. Ascorbic Acid and Related Compounds 

Vitamin C, I-ascorbio acid (Chap. LXVTII), has been shown 
to be the lactone of the enolic form of a /S-ketonio acid related 
to the sugars. It contains 4 hydroxyl groups, 1 primary, 
1 secondary, and 2 tertiary. Two of these must be in 1 : 2- 
or 1 : S-positions as it yields an acetone condensation product. 
It also yields a diphenylhydrazone and is readily oxidized by 
iodine to a 2 : 3-diketohexonic acid III, and on further oxida- 
tion with sodium hypoiodite to oxalic and trihydroxybutyric 
acid (l-threonic acid) IV, and finally to d-tartario acid. The 
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formula suggested by Haworth and his co-workers is repre- 
sented by I or the enolic form II: 

I HO CH, CH(OH) Cni-CO €H(OH) CO.* 

1 0 ’ 

II HO CH, CH{OII) CH C{OH) : C(OIl) CO. 

■ O 1 OH H 

I I 

111 HO CH, CH(OH) OH CO CO CO. IV OH CH. C • C CO,H. 

' i L 

The presence of the olefine link is proved by the action of 
ozone on the 2 : 3-dimethyl ether when a neutral dimethyl 
ester is formed, -C^OMe^rCfOMe)* -> -COgMc -COgMe. Diazo- 
rnethane yields first the 3-methyl and then the 2 : 3-diinethyl 
ether. 

Ascorbic acid, as its name indicates, has acidic properties 
and forms salts. These are not formed by the fission of the 
lactone ring, but at the expense of the two tertiary hydroxyl 
groups. By the action of ammonia on the 2 : 3-dimethyl ether 
the ring is broken and the true amide formed: 

OH«CH,-CH{OH) Cfl(OH)*C(OMe) I C{OMe) CO NH,. 

The structure of the acid has been confirmed by its syn- 
thesis. Haworihy Hurst and others (J. C. S., 1933, 1419), starting 
with f-xylosone V, formed the cyanhydrin (hydroxy nitrile) 
and by hydrolysis the hydroxyketonic acid VI, which in its 
enolic form yields a lactone (Formula II, above) identical with 
ascorbic acid: 

H OH H OH 

V OH CHj C • C C0 CH:0. VI OH CHj C • C CO CH(OH) CO,H, 

OH H OH H 

The methods available for obtaining ascorbic acids are: 

1. The osone method as used by Haworth (see above). 
Numerous acids analogous to i-ascorbic acid have been syn- 
thesized by this method (J. C. 8., 1933, 1419; 1934, 62, 1192). 

The structure of the additive compound of the osone and 

^ In all these formulae the H atoms attached to carbons i and fi are on the 
opposite sides of the molecule. 
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hydrogen cyanide is probably that of a cyclic imine and not 
of an acyclic cyanhydrin, viz.: 


hoc: 

ni. 

X 


OH .OH 

Hor:c<^ 

:NH not I 

HOCH 


2. By the action of sodium methoxide on methyl esters of 
2-ketonic acids, e.g, methyl 2-ketoglutonate yields d-arabo- 
ascorbic acid: 


Cu.Me 

CO 

HO(3h 

HC-OH 
H C OH 


HO. /OH 

X) : (y( 

I >co 

H C ' O/ 

HCOH 

CH.OH 


CHaOH 

The ketonic acid can be obtained by several methods, e.g. 
carefully regulated oxidation of a ketose, e.g. d-sorbose or 
d'fructose with dilute nitric acid or by oxidizing the 2 : 3 : 4 : 6- 
di acetone derivative of a ketose to a carboxylic acid, removal 
of the acetone residues, and the formation of the ketonic acid 
{Reichstein and Grunner), 

3. The oxidation of osones to keto-acids and the rearrange- 
ment of these as under (2). 

4. Condensation of d-glucose with ethyl glycoUate in the 
presence of sodium cyanide and in the absence of air yields 
glucoheptoascorbic acid, and the method is applicable to all 
aldoses and their acetates as these latter are hydrolysed during 
the reaction. 


F. Glycosides 

Many complex hydroxy compounds occur naturally — especi- 
ally in the vegetable kingdom — ^in combination with glucose or 
another sugar. As glucose was the common sugar present 
these were termed glucosides — analogous to the a- and )8- 
methylglucosides, but with a complex in place of the methyl 
group. As further examination has shown that a great variety 
of sugars occur in nature in the form of these anhydrides, the 



946 


LVl. CARBOHYDRATES 


generic term glycosides has been adopted. Examples of these 
glycosidcvS are met with in the plant-colouring matters (the 
anthocyanins and flavone colouring matters, Chap. LX IV), in 
the cardiac poisons and in the saponins (Chap. LXII). 

The function of the sugar group is probably to render the 
compound more readily absorbable in the plant tissue. 

On hydrolysis — often by an enzyme in the tissue — the 
glycoside yields the sugar or sometimes a mixture of sugars 
and the hydroxy compound — very frequently a complex 
polyhydroxy cyclic compound, e.g. phloridzin, XO*(V,Ha(OH)o* 
CO-CHg-CH^-CeH^-OH, yields phloretin, I, {Oil),,’ CO- Clll- 

CH2*CVH4*0H, and glucose (where X = glucosidyl radical). A 
simple method of determining to w^hich of the four hydroxy 
oxygen atoms present in phloretin the glucose radical is attached 
has been worked out. This consists in completely methylating 
the compound, then hydrolysing and determining the position of 
the free hydroxyl group formed by the removal of the methy- 
lated glucose radical. When phloridzin is treated in this way 
the product formed is dimethoxy-hydroxyphenyl p-methoxy- 
phenylpropyl ketone, (OMe) 2 CgH 2 (OH)*CO*CH 2 -CH 2 *C 6 n 4 *OMe, 
which yields a chromone compoxmd when heated with acetic 
anhydride and sodium acetate and hence has the OH in the 
or^Ao-position to the long side chain and is therefore L 


MeO 



0 

|OH Ho/\y\cO 

I— CO CH, CH, C,H« OMe ** 


from which it follows that the glucose radical is attached to 
an oxygen atom ortho to the ketonic group. 

Similarly aesculin, present in horse-chestnuts, yields glucose 
and aesculetin, 6 ; 7-dihydroxy-coumarin, and by the methy- 
lation method it can be proved that the glucose radical is 
attached to the 0 atom in position 6 (II). Fraxin, which 
yields glucose and fraxitin, 7 : 8-dihydroxy-6-methoxy-cou- 
marin, can be shown to have the glucose radical attached to 
0 in position 8. 

A confirmation of the position of the sugar radical in such 
compounds is afforded by synthetical methods (cf. Robinson, 
B., 1934, 85). 

Among the commoner natural glycosides are: 
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Amygdalin, C20H27O11N (p. 491), found in bitter almonds, 
in the leaves of the cherry laurel, in the kernels of the peach, 
cherry, and other Ainygdalaceee. It crystallizes in colourless 
prisms, melts at 200°, is readily soluble in water, and on hy- 
drolysis with emulsin yields benzaldehyde, d-glucose, and hy- 
drogen cyanide. Emulsin is an enzyme which occurs in bitter 
almonds. It is characteristic of most glucosides that in the 
plant tissue they arc accompanied by an enzyme, which is able 
in the presence of water to hydrolyse them. Amygdalin may 
also be hydrolysed by dilute mineral acids. 

With concentrated hydrochloric acid it yields bmandelic 
acid, and with an enzyme contained in yeast (amygdalase) 
it yields glucose and /-rnandelonitrile-glucoside. A synthetic 
dbmandelonitrile-glucoside has been synthesized by the follow- 
ing stages: condensing acetobromoglucose with dl-ethyl man- 
delate, converting the product into the corresponding amide, 
removal of the acetyl groups by hydrolysis, and elimination of 
water from the amide by means of POClg. The dZ-compound 
is also formed by racemization of the Z-compound with alkali. 

Amygdalin is the commonest of the cyanogenetic glucosides^ 
i.e. glucosides which give rise to hydrogen cyanide in plant 
tissues or on hydrolysis. Some of the other members are: 
dhurrin, y-hydroxy-mandelonitrile-glucoside (Dunstan and 
Henry) j in the great millet; phaseolunatin, acetone-cyano- 
hydrine-^-ghicoside, in beans of Phaseolus lunutus; lotusin 
from Loitts arabicus. 

Salicin, found in varieties of Salix, is hydrolysed 

to saligenin (o-hydroxy-benzyl alcohol) and dextrose; popnlin 
or benzoyl-salicin, C10H22O8 (in varieties of Populus), can be 
prepared artificially from benzoyl chloride and salicin. 

Arbatin. and methyl-arbutin, CijHxgO,, present 

in the leaves of the bear-berry, &c., yield glucose and quinol 
or methyl-quinol respectively. 

Hesperidixif CjiaHggOij, which is contained in unripe oranges, 
<feo., can be decompose into glucose, hesperetic acid (isomeric 
with ferulic acid, p. 533), and phloroglucinol. 

Phloridadn* found in the bark of fruit-trees, 

yields glucose and phloretin, «-(OH)3-CgH2*CO-(CH2)3*CeH4* 
OH (p), and this latter, in its turn, phloretic acid and 
pbloro^lucinol (p. 486). For structure cf. J. C. S., 1930, 21. 
Both mduce glycosuria (a functional derangement of the 
liver, producing temporary diabetes) in animals. 
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Digitonin, digitalin, and digitalein are tliree glycosides 
wliicL, together with digitozin (the most import^ant constituent 
from a pharmacological point of view), are present in the digi- 
talis of commerce (cf. Chap. LXII, E.). 

Coniferin, Ci^H^gOg -f 2H2O, contained in the cambium sap 
of the Coniferse, yields glucose and coniferyl alcohol on hy- 
drolysis, and serves for the preparation of vanillin (p. 498). 

Indican (Chap. XLI, C.) is indoxyl-glucoside. 

S3rrmgin, the glucoside of Syringa, is a methoxy-coniferin 
derivative. 

Myronic acid, C1OH17O0NS2, is present as potassium salt 
(Sirvigrin), Cj^Hj^KOgNSg, HgO (glistening needles), in black 
mustard seed. It is hydrolysed by baryta water, or by my- 
rosin, an enzyme present in mustard seed, to d-glucose, 
potassium bisulphate, and allyl isothiocyanate (p. 312). 

A complex glycoside is Solanine S., 054X1960^3X2, Il20, 
from Solarium sodomacurn^ as on hydrolysis it yields Solanidine 
S., CigHgjON, d-glucose, d-galactose, and d- methyl-pentose. 

Some of the natural tannins are glycosides. 

Gallotannic acid, derived from nut galls and one of the 
best-known tannins (p. 528 ), is a glycoside, and yields d-glucose 
and gallic acid in the molecular proportions 1 : 10 when hydro- 
lysed with dilute mineral acids. The tannin of Chinese galls 
is a gallic acid derivative, and its structure, according to 
Fischer, is that of a penta-acylated glucose, the particular 
acyl group being the w-digalloyl group II, p. 949 ; it is 
therefore pentadigalloyl-gluoose, CgH706[C0*C6H2(0H)2*0*C0- 
C6H2(0H)3]5. Several products analogous in structure have 
been synthesized by Fischer and Frettdenberg (B., 1912 , 912 , 
2709 ), and have been shown to resemble natural tannin in 
many respects. 

The first step in the synthesis consists in protecting the 
hydroxyl groups of gallic acid, either by acetylation or by con- 
version into its triethylcarbonato derivative, COjH-Cglla 
( 0 *C 02 Et) 3 , by the aid of ethyl chloroformate, CbCOgEt 
(p. 316 ). The protected acid is next converted into the acid 
chloride, COa-C6H2(OAc)3 or C0a*CeH2(0-C02Et)g, which 
can be condensed with d-glucose in the presence of an organic 
base, and by subsequent elimination of the acetyl or carbethoxy 
groups, by careful hydrolysis pentagalloyl-glucose is obtained. 
Galloyl derivatives of glycerol, erythrytol and mannitol 
have been prepared by similar methods, and all have the 
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property of precipitating gelatine in much the same manner 
as tannin. 

To introduce p-digailoyl groups into glucose the following 
sKiries of reactions are carried out: Gallic acid triacetyl- 
gallic acid triacetylgalloyl chloride. The latter is then 
condensed in the presence of dilute alkali with 3 : 6-diacetyl- 
gallic acid, C 02 H-C<,H 2 ( 0 H)( 0 Ac) 2 , a product obtained by the 
partial hydrolysis of the triacetylated acid. By this condensa- 
tion penta-acetyl-digallic acid (I) is obtained. This acid is 

AcO AcO 

I Aclk'^V-^ 

AcO~^ AoO“^ 

HO 

n 

converted into its acid chloride by means of PCI5, and the 
pentacetyldigalloyl chloride then condensed with d-glucose, 
and the acetyl groups removed from the final condensation 
product by hydrolysis with methyl alcohol and concentrated 
hydrochloric acid, or by means of a little sodium ethoxide, and 
)3-pentadigalloylgluco8e is thus obtained. This closely resembles 
the tannin from Chinese galls, but has a slightly different 
optical rotation. They were also able to show that by methyl- 
ating gallic acid, preparing pentamethyl-p-digalloyl chloride, 
and condensing this with glucose, a product is formed which 
is identical with the methyl tannin obtained by the action of 
diazomethane on natural Chinese tannin (B., 1913, 1116). 

During the course of the work it was proved that when 
penta-acetyl-j?-digallic acid (I) is hydrolysed the product is 
not the corresponding jp-digallic acid but the isomeric m-digal- 
lic acid (II) (B., 1913, 1116; 1918, 45). 

A simple glucogallio acid can be isolated from Turkish 
gall nuts; it is a condensation product derived from one 
molecule of glucose and one of gallic acid, and can be methy- 
lated. The methyl derivative has no reducing properties, and 
when hydrolysed by methyl alcoholic potash yields gallic acid 
trimethyl ether, and hence the conclusion is drawn that this 
natural product is formed by the condensation of the glucose 
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molecule with the carboxylic group of the gallic acid {Feist 
and Haun, Arch. Pharm., 1913, 261 , 468): 

I 0 — , 

(OH)3CeH,CO-OCH[CHOHl3^HCHjOH. 

A synthetic product, ^S-glucisido-tannic acid, obtained by 
Fischer (B., 1912, 3773), is not identical, and probably has the 
ether constitution: 



C02H eeH2(0H)3 0 CH[CH OHJa OH CHj OH. 

The products formed from hydroxy aromatic acids by the 
condensation of the COOII group of one molecule with the 
phenol group of a second are termed by Fischer depsides, and 
di>, tri-, and tetra-depsides can be obtained according to the 
number of molecules of acid thus condensed together to form 
a chain. Such depsides are esters derived from phenols, and, 
as such, can be hydrolysed. 

Another grou]) of natural glycosides is the saponins which 
are widely di?:tributed in the vegetable kingdom. They are 
soluble in water, insoluble in ether, form emulsions with oils, 
and prevent the deposition of finely-divided particles. They 
have a bitter acrid taste and are characterized by giving a 
soapy foam when shaken with water, and by their toxic action 
on cold-blooded animals. When hydrolysed they yield a 
sugar or sugars and sapogenins (cf. Chap. LXII, F.). 

All the natural and synthetic glucosides can be divided into 
two groups, a and jS, corresponding in structure with the two 
stereo-isomeric methylglycosides, and they are readily distin- 
guished by their behaviour towards certain enzymes. Thus 
all j8-glycosidea — and practically all the natural glycosides 
belong to this group — are readily hydrolysed by water in the 
presence of emulsin (p. 947), whereas the a-glycosides are 
hydrolysed by maltase, but not by emulsin. Within recent 
years numerous glycosides have been synthesized by means of 
enzymes. Compare Chap, LXIX, D3. 

The common sugar present in natural glycosides is d-glucose, 
but d-galactose, rhamnose, and arabinose are also found. A con- 
venient method for ascertaining the sugar present, when it is 
found difficult to isolate it, is to study the rates of hydrolysis 
of the glycoside in the presence of different sugars. Most of the 
sugars will have no influence on the rate of hydrolysis, but one 
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particular sugar will produce a retardation of the hydrolysis, 
and this may be accepted as the one present in combination in 
the particular glycoside. 


LVIL TERPENES AND CAMPHORS ♦ 

Essential Oils. — Many plants, especially varieties of Coniferse 
and of Citrus, contain, in their leaves, blossoms and fruits, oily 
substances to which they owe their peculiar fragrance or odour, 
and which can be obtained from them by distillation in steam, 
by pressure, or by extraction with a low boiling solvent. These 
oils, essential oils were formerly grouped together in a 
special class, but now they are recognized as being more or 
less heterogeneous; thus oil of bitter almonds is benzoic alde- 
hyde, and Roman oil of cumin is a mixture of cymene and 
cumic aldehyde, &c. Many of these ethereal oils contain un- 
saturated hydrocarbons, which are usually termed terpenes. 
The common hydrocarbons met with have the general for- 
mula CjoHig, and are spoken of as terpenes proper; but, in 
addition to these, hydrocarbons, represented by the formula 
CgHg and known as hemiterpenes, exist. The commonest of 
these is uioprene, obtained by distilling caoutchouc. Hydro- 
carbons represented by the formula C15H24 are termed sesqui- 
terpenes, and the more complex hydrocarbons, (C5Hg)n, poly- 
terpenes. Certain ethereal oils consist chiefly of such hydro- 
carbons, e.g. turpentine, oil of citron, orange oil, and oil of 
thyme. Other oils contain appreciable amounts of oxygenated 
compounds, mainly of an alcoholic, ketonic or ester character, 
e.g. camphor and raenthone, C^oHigO, pulegone, <fec. Many of 
these terpenes and ketones are reduced benzene derivatives, 
e.g. limonene, menthone; others again are more complex 
ring compounds, e.g. pinene and camphor. In addition a third 
group is known, namely, open-chain olefinic hydrocarbons, 
alcohols, aldehydes, or ketones, e.g. citronellal, geraniol, 
iinalool. 

The terpenes are widely distributed in the vegetable king- 
dom, especially in the ConifersB (Pinus, Picea, Abies^ &c.), in 

*Simonsen, Tht Terpenes, Cambridge, 1931. 
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the varieties of Citrus, &c. The products which are isolated 
in the first instance from the individual plants, and which 
according to their source are designated terpene, (utrene (from 
oil of citron), hesperidene (from oil of orange), th} niene (from 
thyme), carvene (from oil of cumin), eucalyj)tene, olibene, &c., 
have for the most part the formula and approximately 

equal boiling-points (160°~190°); they are not, however, 
chemical individuals, but mixtures of isomeric compounds. 

With the exception of camphene they are all liquid, but it 
is hardly possible to separate them completely by fractional 
distillation. The terpenes can, however, be obtained chemically 
pure from crystalline derivatives, and numerous compounds 
beJonging to this class have been synthesized. 

For simplicity the terpenes and allied oxygen compounds 
(camphors) may be divided into the following groups: 

A. Open-chain olefinic compounds. 

B. Monocyclic terpenes. 

C. Dicyclic or bridged terpenes. 

D. Tricyclic terpenes. 

E. Irone and lonones. 

F. Sesquiterpenes. 

G. Triterpenes. 

Practically all the compounds dealt with in these seven 
divisions could have been discussed under the ali})hatic and 
cyclic compounds. A clearer view, however, of their relation- 
ships is obtained by bringing them together under the general 
heading of terpenes and camphors. 


A. Acyclic Olefinic Terpenes 

1. HYDROCARBONS 

Isoprene, the best-known hemiterpene, is a diolefine repre- 
sented by the constitutional formula, CHg'.CMe-CHiCHg, 
2-methyl-A^'^-butadiene. It is a colourless liquid, b.-pt. 37®, 
formed by the dry distillation of rubber, or by decomposing 
turpentine at a dull red heat (cf. Staudinger, B., 1911, 2212), 
When boiled with an alcoholic solution of HCl it is converted 
into its isomeride dimethylallene (CH 3 )jC:C:CHa. At 300® it 
undergoes polymerization to di-isoprene (probably dipentene), 
and is transformed into products analogous to rubber when 
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treated with concentrated hydrochloric acid or metallic sodium, 
when kept for some time or when exposed to sunlight in the 
presence of traces of acid. Three syntheses of isoprene are of 
interest. 

(a) From 3-methyl-pyrrolidine by exhaustive methylation, 
p. 999 (Buler, J. pr., [ii], 67. 132): 




CIL— CHc 


J\ 

I >NH --v I >NMpJ 

iUMeCHj methylated CHMeCH/ 

CHg : CH nilMe CH^ NMo, 

Cli, : ClI CHMe CHa-XM^ 3T 


KOH 


methylated 


KOH 


CH,:CH CMe:CH, 4 NMe, + HI. 


(6) From diniethyl-allene by the addition of two molecules 
of hydrogen bromide and subsequent elimination of the same 
ibid. 65, 4): 

CMe, : C : CHa CMeaBr CHa-CHaBr CH* ! CMe OH ! CH,. 

(c) The sodium derivative of acetone I, obtained by the 
action of sodamide, reacts with acetylene yielding compound 
II, which on reduction gives III, from which isoprene is formed 
by the elimination of water (D. R. P.). 

I ONa CMo : CH, ONa CMe, C : CH II 

OHCMe,CH:CH, III 

All three types of natural terpenes may be regarded as built 
up of isoprene units. 

Within recent years isoprene and butadiene derivatives 
generally have received marked attention on account of their 
relationships to synthetic rubbers (Chap. LXI, B.). 

Most of the natural acyclic compounds contain the skeleton 

<1)(X («) <81 


with an olehne link between 1 and 2 or 2 and 3, and contain 
oxygen either as alcohols or aldehydes. 

Two acyclic hydrocarbons, are obtained from natural 

sources: (I) Myroene, 2"methyl-6“methene-A*'^~octadiene, 

CH8-CMe:CH CH,-CHa-C(:CH 2 ) CH:CHa. from oil of bay 
{Myrda acris) and verbena oil (leaves of lAppia citriodora); 
(II) Oobneiie* 2 : 6-dimethyl-A''*'’-octatriene, CHjrCMe CHji* 
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CHg-CHiCMe-CHiCHg, from the leaves of Ocimurn hasilicum. 
Both hydrocarbons give the same dihydro derivative, dihydro- 
myrcene, which yields a tetrabromide melting at 87®-"88°. The 
fact that both hydrocarbons on reduction with sodium and 
alcohol take up only two atoms of hydrogen and on bromina- 
tion only four atoms of bromine indicates that two of the olefine 
links are conjugate and the formulso given above are based 
on the results of ozonolysis. Myrcene ozonide after decom- 
position and subsequent oxidation with hypobromite gives 
succinic acid, whereas ocimene on ozonolysis gives acetic and 
malonic acids and methylglyoxal. 


2. ALCOHOLS 

Oeraniol, CioHi^O, CHgrOMe CHa CHa CIVCMetCH CHaOH 
(I), 2:6-dimethyl-A^^«-octadicne-8-o} or CHa-CMerCH-CHa-CHa* 
CMe : CH-CHg-OH (II), 2 : 6-dimethyl-A*=®-octadiene-8-ol, the 
alcohol corresponding with a-citral, is found in the oil from 
the grass Cyrnhopogon Martinii (var. motia) common in India, 
and is also present either free or as esters in many other oils. 
It has b.-pt, 229°~230®, yields a diphenylurethane* m.-pt. 82®, 
a tetrabromide, m.-pt. 70®~71®, and a stable compound 
CioHigO, 2NaHS03. Its structure follows from its relation- 
ship to a-citral, and also from a study of the products formed 
by the oxidation with dichromate and sulphuric acid of the 
polyhydroxy compound formed by the action of cold per- 
mangjanate on the alcohol. These are tevulic and oxalic acids 
and point to formula (II) (Blumann and Zeitschely 1911). On 
the other hand, Kotz and Steche (1924) by carefully oxidizing 
geraniol itself or its mono- or^ di-oxide with dilute perman- 
ganate obtained an acid jC02Hj'CMe(0iH!)*CHsj‘CH2*CHj*CMe 
(0H)*CH(0H)-C02H, which immediately lost formic acid 
(dotted lines), and thus supports formula (I). In all probability 
geraniol is a mixture of I and II, and the oils from different 
sources contain different amounts of the two (cf. Origna/ri and 
others, Bull. 8oc., 1925, iv, 87 , 542; 1927, 41 , 999; 1928, 48 , 
1091, 1212), 

Nerol, (1902), stereo-isomeric with geraniol, is present 

in oil of bergamot, neroU oil, &c. It has b.-pt. 225®~226®, yields 
a diphenylnretbaiie, m.-pt. 52®-53®, a tetrabromide, m.-pt. 
116®-118®, and has an odour quite different from that of 
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geraniol. Unlike the latter it forms no com{)ound vvith calcium 
chloride, and the two alcohols may be separated by means o( 
this reagent. Both alcohols are hydrated by dilute sulphuric 
acid, yielding a-terpineol (terpin hydrate III), but as nerol 
reacts much more readily than geraniol, it is regarded as having 
the trans structure and geraniol as the cis stereoisomeride (II). 


I CMe,:CH CU, CH2 0Me 

II 

ROCHa-CH 
i + HOH 

HOCMe.CHiHl-CHjCHjCMe 

! , il 

i HO'CHjCU 


II CMe^rCH-GHj CHa-CMe 


HCCHa'OH 


m HO CMe, CH 




Me. 


It is probable that nerol is a mixture of trans 2 : 6-dimethyl- 
A* ®-octadicne-8-ol with a small amount of the trans form of 
the A^’*®-i8omeride. 

Linalool or Coriandrol (1853) is again probably a mixture 
of two components, viz. 2 : 6>dimethybA®'’-octadiene-6-ol, 
CH3-CMe:CH‘CH2-CH2*CMe(OH)-CH:CH2, and 2 : 6-dimethyl- 
A'=^-octadiene-6-ol, CH^ : CMe*CH 2 -CH 2 *CH 2 *CMe(OH) CH : CH 2 . 
It is found in oil of linaloe obtained from the wood of Ocotea 
caudata {Licari kanali) from Mexico and French Guiana. 
It is optically active as it contains a centre of dissymmetry, viz. 
the C atom to which Me and OH are attached. The I form 
also occurs in rose oil, bergamot oil and the d form in cori- 
ander oil and orange oil. It is labile and shows a tendency to 
isomerize to geraniol, e.g. by treatment with acetic anhydride 
and subsequent hydrolysis, hence oxidation with acid oxidizing 
agents gives rise to the same products as are obtained from 
geraniol, and for some years it was thought to be a primary 
alcohol stereo-isomeric with geraniol. 

It is stable towards alkalis, and in this respect difiers from 
geraniol which yields 2-methyl-A*-hepten-6-ol, CMeatCH-CHg- 
CH2*CH(0H)*CH8. As a tertiary alcohol it has a relatively 
low b.-pt., 198^-199®, and [a]i> — 20"^. Its phenylnrethane has 
m.-pt. 

It has been S3mthe8ized bj^ Ruzicka and Fornasir (Helv., 
1919, 182) by the condensation of 2-methyl-A®-hepten-6-one 
(I) and sodium acetylide to product (2), 

OMe, : GHCH,CH,‘COCH, + CH : CNa -> 

CMe, : CH CH, CH,-CMe(OH) C5 CH (2), 
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which on reduction in moist ethereal solution with sodium 
gave rfWinalool. Both the natural and the synthetic products 
are probably mixtures of the '^-compound with small amounts 
of the isomeric '^-compound (cf. p. 955). 

Geraniol can be converted into linalool by first forming 
geranyl chloride by the action of hydrogen chloride in toluene 
solution at 100® and treatment of the chloride with moist 
silver oxide. 

Myrcene (p. 953) is formed when linalool is catalytically 
reduced by Sabalier-Senderens* method at 135°~140® or by 
distilling the alcohol with a little iodine. 


3. ALDEHYDES 


Citronellal, Rhodinal (1872), is the aldehyde corre- 

sponding with citronelloL It yields the latter on reduction, 
and an acid, citronellic acid, CioHigOg, on oxidation. It is 
probably a mixture of the two isomers, viz. 2 : 6-dimethyl-A^- 
octen-8-al and 2 : 6-dimethyl-A^-octen-8-al, corresponding with 
the two citronellols. 

It is present in citronella oil from the grass Cymbopogon 
nardus of Ceylon, also in the oil from certain species of Eucai- 
lyptus. It has b.-pt. 205 ‘-206®, [aj^ -f 12-3®, forms a semi- 
oarbazone, m.-pt. 82-5®, and with jS-naphthylamine and pyruvic 
acid dtronellyl')3-imphtho<±icbonimc acid, m.-pt. 225®, 



Like most aliphatic aldehydes it forms acetals by the action 
of hydrogen chloride on its alcoholic solutions. 

The dual character of the aldehyde was proved by Harries 
(A., 1915, 410, 8) by careful examination of the products 
formed by the ozonolysis of citronellal-dimethylacetal. Among 
these products were formic acid, a peroxide of 6-methyloctan- 
2-one-8-al, CH8‘C{Oj) CH 2 -CH,*CH,-CHMe-CH, CHO, and the 

cyclic ketone, CH^-CO C^ formed by the 

\ch*-ch/ 

cyoUzation of the ketone formed from the peroxide. These 



OITRONELLAL 


957 


products point to the A^-stnicture of the original aldehyde. 
On the other hand, the isolation of acetone (as peroxide), 
the semialdehyde of j3*methyladipic acid (I or II), methyl- 
A^-cyclopenten-l-al (III), and methyl-A^-cyclopentene-1 -car- 
boxylic acid (IV) all point to the A*-stnicture, as the two semi- 
aldehydes can be regarded as formed from a primary oxidation 
product, CHO-CHg-CHg-CIIMe-CHg-CHO, which gives 

CO^H CHj CH, CHMe CH, CHO or CHO CHj CH, CHMe CH* CO,H, 

I II 


and these on cyclization give 
— CH, 

III OHC (J^ I and 

"CUMeCH, 


IV 


,CH CH, 


With sodium bisulphite citronellal gives rise to 3 distinct 
additive compounds: (1) Addition to the aldehyde group; 

(2) Addition to the oletine link, CH 3 *CMe(S 03 Na)'CH 2 , and 

(3) addition to both CHO and C:C (cf. Tiemann, B., 1898, 
3306; 1899, 812). 

Citronellal is a labile compound and, in addition to readily 
undergoing oxidation, forms ring compounds with great ease. 
Thus with acetic anhydride it forms iaopulegyl acetate II, 
and this on hydrolysis gives isopulegoL The aldehyde reacts 
with the anhydride, giving the acetate of the enolic form I, 
which on cyclization gives the wopulegyl acetate {Tiemann 
and Schmidt, B,, 1896, 913; 1897, 27). 


CHMe 

j H,d^H 
H,C CHOAc 

CMe;CH, 


n 


CHMe 



H,C CHOAo 


CMe:CHa 


The A* form of the aldehyde can also react, but a shift of 
the double bond would occur during the reaction. 

The yield of citronellal obtained by oxidizing citronellol 
with chromic acid is poor owing to the readiness with which 
the aldehyde forms cyclic compounds; among these are iso- 
pulegole and menthone III — the latter can be regarded as 
formed by the addition of H 2 O to the A^ double link (OH to 
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0 and H to Cl I) and tho riosing of the ring by the elimination 
of water (OH from CH-Oil and 11 from -CHO). 

/CH, CO . 

Ill CHMe/ >CH CHMe,. 

Citral, C^QHjgO, is the commonest acyclic aldehyde and 
constitutes about 80 per cent of lemon grass oil (Cymbopogon 
flexuosus) and occurs in oil of lemons and oil of oranges. The 
natural oil contains two components, a-citral or geranial and 
jS-citral or neral. The former is the aldehyde corresponding 
with geraniol and is probably a mixture of the 2 : 6-dime thy b 
A^^^-octadien-8-al (a) with the isomeric -^-compound (6), 
viz. 

(a)CH, CMe:CH CHa CH, C CH, and (6)CH,:CMe CH, CH, CH, C*CH„ 
HCCHO HCCHO 

whereas neral is a mixture of the two stereo-isomeric trans- 
compounds corresponding with nerol (cf., however, Yerley, 
Bull. Soc., 1928, iv, 43 , 854). 

Geranial can be obtained by the gentle oxidation of geraniol 
with ammonia and silver oxide, and the aldehyde, b.-pt. 
153°/13 mm., on further oxidation, gives geranic acid, 

Citral, from lemon grass oil, consists of nearly 90 per cent 
of (a) and only 10 per cent of (P). The a-citral is most readily 
isolated as its sparingly soluble sodium bisulphite compound, 
whereas the ^-compound is most readily separated from the 
mixture by means of its condensation product with cyano- 
acetic acid, as the /ff-aldchyde reacts much more readily than 
its a-isomer with this reagent. The jS-compound can also be 
obtained by the cautious oxidation of nerol. 

a-Citral has b.-pt. 118®-119°/J2 mm., and the jS-citral, b.-pt. 
117^-118° /20 mm., and both have very high molecular refrac- 
tions due to the presence of the conjugated linkages (C : C and 
0:0). They are colourless oils which rapidly turn yellow on 
exposure to the air. The more important crystalline deriva- 
tives are semicarbazones, a-needles, m.-pt. 164*", and jS-leaflets, 
m.-pt. nr, citrylidene cyano-acetic adds, a, m.-pt. 122®, and 
/9, 94®. 

The structure of a-citral as the A® '^-compound follows from 
its formation from geraniol and also from a study of the 
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products formed by careful (jxidaiion with permanganate 
followed by dichromate and acid. The products are acetone, 
IflBvnlic and oxalic acids {Tiemann and Tenimlery B., 1895, 
2132). 

Support is also afforded by the formation of 2-methyl- 
A^-heptene-6-one, CHg-CMeiCH-CHg-CHg'CO-CHg, and acetal- 
dehyde by digesting the a-compound with alkali (Bull. Soc., 
1897, iii, 17, 175), The products of ozonolysis (Harries^ B., 
1903, 1933; 1907, 2823), viz. acetone, laevulaldehyde and 
glyoxal, also point to the A®'®-structure, but the presence of 
small amounts of formaldehyde points to the A^'®-structure, and 
a careful comparison of the amounts of acetone and formal- 
dehyde indicates the presence of some 93 per cent of the A^'®- 
compound in ordinary a-citral (Bull. Soc., 1924, iv, 35, 932). 

The products formed by the catalytic hydrogenation of 
citral vary with the catalyst, the temperature and the pres- 
sure. With a nickel catalyst at 190° and low pressures the 
product is dZ-citronellal formed by the addition of hydrogen 
to the A® olefine link. At moderate pressures the product is 
the saturated alcohol, 2 : 6-dimethyloctan-8-ol, and at still 
higher pressure the saturated alcohol together with the satu- 
rated hydrocarbon, 2 : 6-dimethyloctane. By using a pal- 
ladium catalyst the only product is the hydrocarbon. 

Geranic acid has been synthesized and as citral is formed 
by distilling calcium geranate and formates, and geraniol and 
citronellal and citronellol can be obtained from citral, the syn- 
theses of all these compounds have been accomplished. 

Barbier and BouveaulCs synthe.sis (C. R., 1896, 122, 393) is 
as follows. 2-Methyl-A^-hepten-6-one reacts with metallic 
zinc and ethyl iodoacetate {Reformatshj reaction), yielding the 
compound: 

< CHj|*COjEt 
OZnl 
CH, 

With dilute acid this yields the hydroxy ester: 

CMe, : CHCHjCH*CMe(OH)-CH,CO,Et, 

and when this is distilled with acetic anhydride, water is 
eliminated and ethyl geranate, CMej : CH’CHo-CHg-CMe : CH- 
CO,Et, formed. 
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4. RING FORMATION 


Acyclic compounds of the types described, viz. with the 
skeleton A, exhibit a great tendency to form cyclic compounds : 


A. 



3 4 5 6 7 8 

-CCM’OCC 


C 


One of the most interesting of such changes is the con- 
version of Minalool I into d-terpineol II as the centres of 
dissymmetry in the two molecules are different as showm by 
the heavy type of the centres in the following scheme : 


CMe, 

CMe,OH 

CH 

CH, 

/ 

/ 

H,C CH, 

HoC CH,OH 

1 II 

1 I 

H,C CH 

H,C CH, 

HOCMe 

HodMe 


(^M('a OH CMe^OH 

CM CH 


HaO 

CH, 

H,C 

CH, 

I 

I 

- i 

I II 

H,C 

CH, 

H,C 

CH 


\/ 

HOCMe CMe 


The above ring closure occurs between carbons numbered 
3 and 8, and numerous similar ring closures take place readily: 
(a) Thus a-citral on dehydration with dilute sulphuric acid 
yields j)-cymene, jo-methyli^opropylbenzene ; (b) isopulegyl 

acetate is formed from the acetate of the enolic form of citro- 
nellal (p. 956); (c) the formation of terpineol from geraniol. 
In all these cases the products are benzene or reduced benzene 
derivatives with a six-carbon ring. 

The trihydroxy alcohol, 

CH8CMe(OH)CH,-CH,CH,CMe(OH)CH2CH,-OH. 

is probably first formed, and ring closure takes place by the 
elimination of H attached to C No. 3 with OH attached to C 
No. 8. 

Another type of ring closure which is very common is by the 
union of carbon atoms numbered 2 and 7, under the influence 
of moderately concentrated sulphuric acid. Thus geraniolene, 
dihydromyrcene, geraniol, citral and geranic acid all yield 
ring compounds by union of carbon atoms 2 and 7. The ring 
is a 6-membered carbon ring, and the CHgOH, CHO or COgH 
groups remain intact. In nearly all cases the product is a 



MONOCYCLIC TERPENES 


061 


mixture of two isomeric compounds differing in the positions 
of the olefine link in the ring ; thus a- and j8-ci/cZogeranic acids 
obtained by the action of 70 per cent sulphuric acid or geranic 
acid (p. 958) are represented by the following formulae: 


a. 


iS. 


CfJ« /CH, 

>C< >(^H, 106°, 

Cil/ \CH(CO,H)CMe^ 

dig. /CH, CHa^ 

,C< ">CH 2 , m.-pt. 93°-94°, 

\C(COJi) : CMe ^ 


i.e. 2:6; G-trimethyl-A^-cycZohexene-l-carboxylic acid and 
the isomeric A^-compound. 


B. Monocyclic Terpenes and Camphors 

1. TERPENES 

Many of the compounds are to be regarded as hydrogenated 
derivatives of cymene (p. 412). Their close relationship to 
cymene can be showm in very different ways: e.g. (a) the 
hydrocarbon terpinene when heated with iodine is transformed 
into p-cymene, i.e. p-methyl-isopropyl-benzene ; (6) the ketone 
carvone when heated with mineral acids yields carvacrol, 
i.e. l-methyl-2-hydroxy-4-isopropyl'benzene (p. 483); (c) on 
oxidation many terpenes yield terephthalic acid; (d) by the 
addition of bromine and subsequent elimination of HBr many 
monocyclic terpenes yield benzene hydrocarbons (B., 1898, 
2068); (e) heating with sulphur usually removes the excess 
hydrogen as hydrogen sulphide and a substituted benzene 
hydrocarbon, usually cymene, is formed {Vesterberg, B., 1903, 
4200). 

The unsaturated nature of these compounds follows from 
the readiness with which they form additive compounds ; they 
yield dihydrochlorides, CioHigCl2, tetrabromides, CioHieBr4, 
nitroso-chlorides, CioHie(NOCl)a, nitrosites, 
and nitrosaieB, CiQHi0NaO4. These compounds are of con- 
siderable importance, as most of them are well-defined crystal- 
line comxx)unds with definite melting-points, and can therefore 
be made use of in separating and identifying the various 
liquid terpenes. The nitroso-chlorides were first prepared by 
TUden (J. C. S., 1877, 554), by the direct action of nitrosyl 
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chloride, but are now usxially obtained by WalkwKs method, 
viz. by the action of a mixture of ethyl nitrite, acetic and 
hydrochloric acids on the hydrocarbon. The nitrosites are 
usually obtained by the action of sodium nitrite and acetic 
acid on the hydrocarbon, and the nitrosates by the direct 
addition of nitric peroxide or by the action of amyl nitrite 
and concentrated nitric acid. An interesting group of com- 
pounds are the nitrolamines, obtained by the action of amines 
(piperidine or benzylamine) on the nitroso-chlorides. They 
contain the NHR group in place of the chlorine of the nitroso- 
chlorides. Such compounds crystallize well, and can be used 
for identifying the various terj)enes. 

All these reactions point to the presence (a) of a six- 
mcmbered carbon ring in the monocyclic terpenes; ( 6 ) to the 
presence of two side chains, usually in p-positions, one consist- 
ing of the CH 3 group, and the second containing the grouping 



(c) to the presence of two double bonds in the mole- 


cule. These may 
ring and one in a 

be both in the carbon 
side chain, e.g. : 

ring, or one in 

CM, 


OH. 

Hj/\h 

H,; " \h 

h,/\h 

I 

U ' 

III * 




c;,H, 

C((:h,), 

CH,C:CH. 


Fourteen such isomerides are theoretically possible. The 
carbon atoms are usually numbered as follows: 



The saturated compound CioHgo, viz. p-methyl-isopropyl- 
cyclohexane, j.a called menthane*’*' and the compounds CxoHh 
are menthadienes. I is A-1 : 4-menthadiene, II is A-1: 4 ( 8 )- 
menthadiene, and III A-1 : 8 (9)-menthadiene. 

The double linking in No. II between a carbon atom in the 
ring and a carbon of a side chain is termed a semicyclic link- 
ing. Such an unsaturated linking is quite stable under the in- 
fluence of heat, but in the presence of acids it wanders into 

* The muxie tei|Mine it sometimes used for this hydrocarbon and terpa- 
dienes for the menthadienes. 
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the nucleus, e.g. A*^®-p-menthene is readily transformed into 
A^-p-menthene. 

A few of the terpenes contain the methyl- and isopropyl- 
groups in the meta-positions, e.g. sylvestrene; such com- 
pounds are termed m-menthadienea. 

The nitroso-chlorides are frequently colourless, and then ap- 
pear to be bimolecular ; some give blue solutions containing the 
monomolecular form. Compounds with a semicyclic linldng 
>C:CR 2 yield unimolccular blue nitroso-chlorides volatile 
with steam. The blue compounds are true nitroso-compounds. 
When the NO group becomes attached to >CH it usually 
passes over into the isonitro-group >C:N‘OH, and the com- 
pound becomes colourless. 

The following hydrocarbons belong to this group: 
d- and Mamonene and Dipentene (dMimonene) have been 
shown to be A^'®^®^-menthadiene8 (Formula III, p. 962). 
d-Limonene is also known under the names hesperidene, 
citrene and carvene^ and is the chief constituent of oil of dill 
and oil of erigeron, and oil of citron consists mainly of d- 
limonene and pinene. The Msomer occurs with Z-pinene in 
the oil from silver-fir cones. They have b.-pt. 176° and [a]i> ± 
126, but the rotation varies with different samples due to the 
presence of smaller or larger amounts of the racemic isomer. 
Dipentene occurs with cineole in Oleum cincs, and is formed 
when other terj)enes, e.g, pinene, camphene or sylvestrene are 
heated at 250°~270° for several hours, and is therefore one of 
the most stable terpenes. It may also be obtained by poly- 
merizing isoprene, by the elimination of water from a-terpineol 
or by distilling caoutchouc. 

Among the derivatives are the followdng: 

By the addition of HCl or HBr in the absence of moisture 
monobydroHshlorides or -bromides are formed as oils, and 
these correspond in structure with a-terpineol. In the presence 
of moisture the product is a dihydroohloride, CiQHigCl 2 , m.-pt. 
49'^-50°, and with the two chlorine atoms in positions 1 and 
8 as on treatment with dilute alkali it pelds dipentene, a- 
terpineol and cis and trans terpin (p. 971). The dihydro- 
chloride is isomeric with the compound, m.-pt. 26°, obtained 
by the action of HCl on cineole, 
d- and Z-Limonea yield optically active tetrabromides^ m.-pt. 
104°-105° and [a]j^ i 73°, whereas dipentene tetrabromide is 
inaotiye and melts at 126°. Each limone forms two nitroso- 
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chlorides a and P; those from the active hydrocarbons melt 
respectively at 103®-! 04° and 105°~106° and have [a]i> 314° 

and i241°; dipentene a-nitroso-chloride is inactive and has 
m.-pt. 78°. These nitroso-chlorides are bimolecular (Baeyer, 
B., 1895, 652; Leach, J. C. S., 1905, 413), and the a and ^ 
forms are probably stereo-isomeric. They react with alkali, 
yielding carvoxime I, 

.C(:noH)CH,\ 

I CHMe< >0H CMe:CH, 

\CHa on/ 

(p. 972), and with piperidine 6-nit rolpiperidines II, 
,C(:noh)ch2 

II CsHjoNCMe/ VtI (’Moinila, 

CH, ^ 


are formed. The a-d- and a-l- have m.-pt. 93°-94° and 
Wd zb 67*5°, the and m.-pt. 1 10°-1 11° and [a]^ ± 60°, 
and the a- and jS-dipentene compoundB melt at 154° and 152°, 
and are inactive. 

Limone nitrosate has a low melting-point and dipentene 
nitrosate melts at 84°. 

By catalytic hydrogenation with nickel at 180° the limonenes 
yield p-menthane, but with copper at the same temperature 
A^-jp-menthene. Warming with nodneral acids produces conver- 
sion into terpinene (A^**-menthadiene) with a little p-cymene. 

Various structures have been given to the limonenes from 
time to time. Their structure as A^’®^®^-menthadiene8 is based 
on their close relationships to a-terpineol and carvone, the 
constitutions of which have been confirmed by synthesis. 
Thus a-terpineol on dehydration yields dipentene, and the 
latter when shaken with a dilute solution of sulphuric acid in 
acetic acid yields a-terpineol. If molecular rearrangements 
do not occur during these reactions, it is clear that dipentene 
must have a constitutional formula corresponding with I or II. 


< CH CH,. 

VjH C(OH)(CH,), 

enroll/ 

Terpineol 

-CMef >C:C(CH,), 


Terpineol 


^CH 
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Formula I is not disay mine trie, and therefore cannot repre- 
sent the molecules of d- and Mimoiienes and of dipeiitene; 
formula II, on the other hand, contains an asymmetric carbon 
atom, the one indicated by an asterisk, the molecule is dis- 
symmetric, and can form rf-, I', and r-modifications. 

The correctness of formula II is confirmed by a study of 
some of the reactions of dipentene. 

Dipentene forms a nitroso-chloride (colourless), and this 
with alkalis gives the oxime of carvone, •CH(NO)' 
•C(N*OH)* -CO* (p. 972). The oxime when hydrolysed yields 
carvone, and this on reduction yields dihydrocarveol, a secon- 
dary alcohol formed by the addition of two atoms of hydrogen 
to one of the ethylene linkings and two atoms of hydrogen to 
the carbonyl group, Dihydrocarveol when oxidized yields a 
ketonic alcohol, CHa’C^lIg (()H)*CO*CH 3 , proving the presence 
of the - 0 ( 0113 ) : OHg group in dihydrocarveol, carvone, and 
dipentene. The fact that the molecular refraction of liraonene 
is normal and shows no exaltation agrees with the structure 
given, as the double links are not conjugated and neither is a 
semicyclic link, 

Terpinenes. — The three terpinenes known as a, and 
y are respectively and A^'^-p-menthadienes. All 

three compounds yield the same dihydxochloride which Ifas 
been proved to be 1 ; 4 -dichloro- 7 ?-menthane, m.-pt. 51°~52®, 
and the corresponding dihydrobromide has m.-pt. 58°~59°, 
Not one of the three has b^n obtained in a pure state. The 
a-compound from various oils or prepared in the laboratory 
by treating linalool or geraniol with concentrated formic acid, 
or by warming a-phellandrene or dipentene with dilute sul- 
phuric acid, always contains a certain amount of the y-isomer. 
The a-compound is characterized by forming a crystalline 
nitfosite, m.-pt. 155®, whereas the y-compound gives a nitroso- 
chloride^ m.-pt. Ill®, and a nitrosate^ m.-pt. 116®. When oxi- 
dized with permanganate the a-compound yields 1 -methyl- 
4-iaopropyl-l : 4-dihydroxy adipic acid III: 

me CMoOH 

H*U\ JCH H,C V yCH OH 

OTrOH 

The dihydrochloride on treatment with alkali gives a glycol 
oontaining two tertiary hydroxyl groups as it yields an an- 




/CMe(OH)COJI 


III 


!Pr(OH)CO,H 
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hydi’ide (a ciueole), and as this differs from the cineole from 
1 : 8“terpin it must be a 1 : 4-cineole, a structure confirmed by 
Wallach (A., 1906, 350, 157; 1907, 356, 200). 

yS-Terpinene does not occur naturally, but the y-compound 
is found — usually with the a-isoiner — in many oils, particularly 
coriander oil, oil of cumin, and ajowan oil. After removal of 
thymol from the latter the terpene fraction — thymene oil — 
is rich in the y-compound, which yields 1:2:4; 5-tetra- 
hydroxy-j!?-menthane on oxidation. 

Terpinolene, A^'*^^^-menthadiene (Formula I, p. 962), is 
present in small amounts in certain oils and is formed when 
terpineol is boiled for a short time with formic acid or oxalic 
acid solution. It boils at 183^-185°, and is readily transformed 
by acids into terpinene. It forms a blue nitroso-chloride, and a 
tetrabromide, 1:2:4: 8-tetrabromo-p-menthane, m.-pt. IIS*^, 
and a dibromide, 4 : 8-dibromo-A^-p-menthene, m.-pt. 69°-70°. 
The tetrabromide with alkali yields p-cymene, and with 
dilute permanganate it gives 1:2:4: 8-tetrahydroxy-menthane, 
m.-pt. 148M49°, 

d- and l-Silvestrenes and the racemic form known as Car- 
vestrene are A' ®^®^-tn-menthadienes. The d-compound, 
b.-pt. 175°, is the chief dextro-rotatory constituent of Swedish 
and Russian oil of turpentine. It is one of the most stable of 
the terpenea, and gives a magnificent blue coloration with 
acetic anhydride and concentrated sulphuric acid. The CH3 
and C3H5 substituents are in the m-positions, as treatment 
with bromine and alkali converts it into w-cymene. 

It has been synthesized from m-hydroxy-benzoic acid by 
Perkin and Tattersall (J. C. 8., 1907, 480) by reducing to its 
hexahydro derivative, oxidizing to y-ketohexahydrobenzoic 
acid, and proceeding as in the synthesis of terpineol. 

Phellandrenes. — Three isomeric phellandrenes exist in nature : 
(i-a-phellandrene in oil of bitter fennel, in elemi oil, ginger 
grass oil and in cifinamon oil, I-a-phellandrene in Australian 
eucalyptus oil {Eucalyptm dives and E. phdlandra)^ and 
rf-j8-phellandrene in water dropwort (PheUandrium aqm- 
ticum). The d- and I-a-phellandrenes are optical antipodes, 
and are both J^^'^-menthadienes, The b.-pt. is 58°-69°/16 mm., 
and [a]i, ± 112°. It is transformed into terpinene by the action 
of aci^, and its dibromide with alkalis yields cymene. This 
constitution follows from the fact that nitro-a-phellandrene, 
when carefully reduced, yields active carvotanacetone. A*- 
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menthen-2-one, and has been confirmed (a) by a study of the 
products of oxidation (Semmler, B., 1903, 1749), the chief of 
which is the lactone of 1-a-hydroxy-^-wopropylglutaric acid, 

/CH(0H)C02H 

CHMe,CH< 

and (h) by the synthesis of a-phellandrene from 4-isopropyl- 
A2-hexen-l-one (A., 359 , 285): 

0 ,U 70 H/ “ >00 ‘ CMeOH 

MJH : CU Grignard CH : OH^ 

CH.-CH. 

O^H^CH^ OMe, 

dehydrated 

and also by its synthesis from carvone (p. 972). 

Carvone -> carvone hydrobromide -> A®-mentiieii-2-one -> 

HBr reduced PCI* 

6-chloro-A^-®-menthadiene a-phellandrene. 

reduced 

jS-Phellandrene is ii^^’^^'^-menthadiene. It has boiling-point 
57°/ll mm., [aju -f 65®, and yields two nitrosites, melting- 
points 97® and 102®. Unlike the a-isomer which yields an oily 
nitroso-chloride it yields two solid nitroso-chlorides, m.-pt. 
100® and 102®, but with different rotations. Its constitution 
is based on the fact that it is oxidized by atmospheric oxygen 
to 4-isopropyl -A*-hexen-l -one (A., 343 , 29), and on its syn- 
thesis from carvone (J. pr., 72 , 193; 75 , 141). 

Carvone carvomenthol (menthan-2-ol) A^-menthene 

reduced dehydrated bromine 

terpenodibromide jS-phellandrene, or from 4-i8opropyl-A*- 

alc. potaah 

cyclohexen-l-one by condensing with ethyl bromoacetate and 
zinc, and finally eliminating CO 2 and HgO. 

>c:0 >C(OH)CH,CO,H -> >c:cHa. 


is present in chenopodium oil. It 
forms a tetrabromide, m.-pt. 117®, viz. 2:3:8: 9-tetrabromo- 
p-menthane, which is inactive. Its structure follows from the 
product of oxidation, viz. the a-hydroxy-ketone, 
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Menthene, obtained from menthol by the elimination of 
water, is A^-menthcne; when oxidized it yields a glycol, which 
on further oxidation gives j9-methyl adipic acid: 

CHMf/ yCA\ll, -> CHMe<. 

It has been synthesized by Walluch (B., 1906, 2504) by con- 
densing l-methylcyclohexan-4-one with ethyl a-bromoiso- 
butyrate and zinc, hydrolysing and eliminating CO^ and 
vrater. 

A synthetical terpene or dihydro-cymene boiling at 174° has 
been prepared from succinylo-succinic ester (pp. 403, 539) 
(B., 1893, 233). It shows the complete terpene character. 

Most of these terpenes undergo oxidation on exposure to 
moist air, i.e. they undergo autoxidation (Chap. XLVIII, J.). 
Thus linionene yields carvone, carveol, and other products 
(B., 1914, 2623). 


2, AI/^OHOLS AND KETONES 

Menthol, p-menthan-^-ol^ mint camphor, CiQlIgoO, has the 
structure I given by Bruhl in 1888. 

XH*CH(()H). 

I CHa-CH/ >CHCH(CH3),. 

\CH, CH/ 

The i-modification is the chief constituent of oil of pepper- 
mint. It melts at 43°, has a strong odour of peppermint, and 
is used as an antiseptic and ansesthetic. When heated with 
copper sulphate it yields cymene, when reduced with hydriodic 
acid, hexahydrocymene, and on oxidation with permanganate 
it yields jS-methyladipic acid, and several fatty acids. As 
the formula contains three asymmetric carbon atoms, eight 
optically active, i.e, 4 pairs of stereoisomerides are possible, 
and 3 such pairs have been isolated. 

A d4-mefUhol is obtained by the catalytic hydrogenation of 
thymol (p. 483) (cf. J* C. S., 1912, 109). 

The corresponding ketone menthone, menthan-S-one, 
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CiqIIj^O, is obtained when the alcohol is oxidized with di~ 
chromate (Beckmann^ A., 1891, 262, 31), and also occurs in oil 
of peppermint. It boils at 207*^, and has the characteristic 
properties of a ketone; its semicarbazoue melts at 184®. It is 
readily converted into thymol (l-methyl-3-hydroxy-4-i80- 
propyl-benzene) by bromination and elimination of hydrogen 
bromide, and when oxidized yields j8-methyladipic acid. Hence 
follows the constitution, which is supported by its synthesis 
by the distillation of calcium jS-methyl-a'-isopropylpimelate 
{Koiz and Schwarz, A., 867, 206): 

CHa-CHMe CH.-COOv CH, CHMe- CH, 

I >Ca I I 

CIJ., CH{(::flH7) COO--/ CJI, Cli(C3H7) 00 

Two inactive (racemic) isomerides are possible, viz. ds and 
tram forms, i.e. the 11 atoms attached to C atoms 1 and 4 lie 
in the same plane in the ds and in different planes in the trans, 
and in all probability ordinary d-Z-menthone is the trans form. 
By solution in concentrated sulphuric acid and precipitation 
with ice it yields the iso- or cis-menthone (cf. J. C. S., 1910, 
1760). 

Carvomenthol, 'p-menihan-2-ol, isomeric with menthol, does 
not occur naturally but is obtained by reducing carvone. For 
stereo-isomeric forms cf. Gaz., 1925, 818. 

Terpineol. — The name was originally given to the mixture 
of alcohols formed by the dehydration of the glycol terpin, 
1 -8 -dihydroxy -menthane. Four such compounds are theo- 
retically possible and three are known, viz. a-, and y-ter- 
pineols. 

a-Terpineol, A^-mm/Aew-8-oZ, occurs both in free form and 
as esters, and is obtained readily from natural products, e.g. 
by the action of dilute potash on limonene hydrochloride, or 
by the hydration of pinene hydrate. It has m.-pt. 37®, b.-pt. 
218®, and “ 106°. It forms a phmylurethane, m.-pt. 
113®, a nitrolpiperide, m.-pt. 159®-160®. By catalytic reduction 
it can yield p-menthan-S-ol, j)-menthane or dipentene, 
according to conditions. When treated with dilute acids 
it can give dipentene, terpinolene, terpinene, terpin hydrate, 
cineol or cymene, according to the conditions. Its consti- 
tution is of importance, as those of several terpenes are de- 
duced from that of terpineol. The constitution is based on 
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(1) examinatiou of its decomposition products, (2) its syutiiosis. 

^CHa 

I 

iCO 

I 

> I iVi) 

1^1 

fiCHj 3CH2 

‘'\CJI '' ' 

I 

8(!Me. 

By means of dilute permanganate two hydroxyls are added 
to the double bond, and 1:2: 8-trihydroxy-menthane (trihy- 
droxy-hexahydro-jp“Cymene) is formed, and this on further 
oxidation yields a ketolactone, homoterpenyl methyl ketone (I) 
(by the fission at C atoms 1 and 2), which can be oxidized to 
acetic and terpenylic acids. The constitution of the latter has 
been proved to be: 

.CH(ClljCOJI)CHa 
CMe/ ‘ I 

0 CO 



from its method of synthesis {Simonsen, J. C. S., 1907, 184). 

XH(Clij CH* CO CH3) CH2 s 
I 8 CMeZ [ 

O (’() a 


Homoterpenyl methyl ketone must have the formula I, and 
hence the 1:2: 8-position8 of the three hydroxyl groups in 
the first oxidation product, and the A^-position of the ethy- 
lene linking and position 8 of the hydroxyl group in terpineol. 

Its synthesis {Perkin^ J. C. S., 1904, 654) is from 8-keto- 
hexahydrobenzoic acid (4-keto-cyclohexane-carboxylic acid). 
The ester of this acid reacts with magnesium methyl iodide, 
and then with water, yielding: 


OH-CMo< ^HCOjEt. 


By the action of fuming hydrobromic acid the hydroxyl is 
replaced by bromine, and then, by the action of pyridine, 
drogen bromide is eliminated and A^-tetrahydro*jD-toIuic acid 
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IB formed. The ethyl ester of this acid reacts with magnesium 
methyl iodide, and then with water, in the normal manner, 
yielding the tertiary alcohol, inactive terpineol: 


^CH CH,. 

OMof X^H COjEt -► CM< XH*CMe, OH, 


H,CH/ 


and by the elimination of water dipentene is obtained. 

This method of synthesis has been extended by Perkin and 
his students to a large number of cases, and they have obtained 
alcohols and unsaturated hydrocarbons analogous to the natural 
products, which, so far, have not been obtained naturally. 
From A^-tetrahydro-p-toluic acid, A®-^-menthen, and 
menthadiene. From hexahydro-o-toluic acid, compounds simi- 
lar to terpineol and dipentene were obtained, but with the 
substituents in o-positions. From hexahydrobenzoic acid a 
compound was obtained analogous to dipentene, but without 
the methyl substituent in position 1 . By using optically 
active A^-tetrahydro-p-toluic acid, an active alcohol and ter* 
pene were synthesized. (J. C. S., 1905, 639, 655, 661, 1067, 
1083; 1906, 832, 839; 1908, 573, 1871, 1876; 1910, 2129, 
2147; 1911,118,518,526,727,741. For another method of 
synthesis of hydrocarbons allied to terpenes cf. Haworth and 
Fyfe, J. C. S., 1914, 1659.) 

Terpin, p-mentha-l : S-dwl, has been synthesized by the 
action of magnesium methyl iodide on both carbonyl groups of 
ethyl cyclohexanone-4-carboxylate (Kay and Perkin, J, C. S., 
1907, 372), and is also formed by boiling terpineol with dilute 
sulphuric acid. It exists in two stereo-isomeric modifications, ds 
and trans. The cis is the common form, and combines with 
water to give terpin hydrate* C 10 H 22 O 3 , which forms well- 
developed crystals, m.-pt. 116°. When dehydrated the terpins 
yield terpinene, terpinolene, terpineol, and cineol (p. 972), 

d'Piperitone, L^-mmihen-Z-one, occurs (80 per cent) in the oil 
of the grass Andr(ypogon Jwarancusa and the corresponding 
dl-compound in oils from certain species of eucalyptus (J. C. 8 ., 
1921, 779, 1644; 1922, 1872; 1923, 2268). It is characterized 
by the readiness with which it racemizes and the structure 
has been proved by an examination of its oxidation products, 
viz. a-isopropylglutaric acid and a-hydroxy-a-methyl-a'- 
isopropyladipic acid, CHMe 2 -CH{C 03 H)'CH 3 *CH 3 *CMe( 0 H)’ 
COaH. 
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Polegone, A^^^^-p^menthen-S-onef occurs in oil of pennyroyal 
from Mentha Pul^ium and Hedeonia pulegioides. It is isomeric 
with camphor and its hydrobromide melts at 40-3°. When 
reduced it yields menthone. Its oxidation products are acetone 
and ^-methyladipic acids, and when heated with water it 
yields acetone and l-methylcyclohexan-3-one. 

Carvone, A^-^^^^-menthadien-2-onef is the chief constituent 
of oil of carraway seeds and dill oil, and is widely distributed 
in the vegetable kingdom. It is a liquid, distils at 228^^, exists 
in d‘ and J-modifications, and has the properties of an un- 
saturated ketone (cf. A., 1897, 297, 122). With hydroxylamine 
it yields carvoxime, which is identical with nitrosodimonene. 
When heated with phosphoric acid carvone yields carvacrol. 

Diospenol (Buchu camphor)^ A^-p-men(hen-2-ol- 

3-one, from the buchu leaves of species of Barosina, is an un- 
saturated hydroxy-ketone; it has m,-pt. 83°, b.-pt. 109°/10 
mm., and its molecular refraction shows appreciable exal- 
tation. On oxidation it yields a-isopropyl-y-acetylbutyric 
acid, C02H-CH(CHMe2)*CH2CH2-C0*CH3 (B., 1906, 1160). 
It can react as the tautomeric 2 : 3-diketone as it forms a 
dioxime, m.-pt. 197°. 


3. ALDEHYDES 

A few aldehydes belonging to this group occur in nature, 
e.g. Phellandral, d-isopropyl-A^-cyclohexen-l -aldehyde, in 
water dropwort and in certain species of eucalyptus, and the 
A^-isomeride Cryptal, which also occurs in species of eucalyptus, 

4. CINEOLE8 

Characteristic oxides of dihydric alcohols are known under 
the name of cineoles. The one which occurs naturally is the 
1 : 8-cineole, i.e. the anhydride of j)-menthane-l : 8-diol. It 
is present in wormseed oil, from Artemesia nuwitima, and in 
certain eucalyptus oils. It has m.-pt. 1°, b.-pt. 174-4°, and is 
relatively stable. It is dehydrogenated to p-cymene. The 
htfdrobromide melts at 56°-57°. It forms additive compounds 
with phenols, e.g. with o-cresol, CioHigO, C^HgO, m.-pt. 55-5°, 
and with resorcinol CgHgOj, m.-pt. 80°~86°. 

It forms characteristic hydrochloride, phosphate and arsenate 
which are used in its estimation. It usually accompanies 
a-pinene and a-terpineol in natural oils, and can be prepared 
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by the elimination of water from terpin, and hence its stnir- 
ture. 1 : 4-Cineole, the anhydride of f-rrtenthane-X : i-diol, 
boils at 172^. With fIBr it is gradually converted into ter* 
pinene dihydrobromide, m,-pt. 58°-59‘^. It can be obtained 
from ascaridole by addition of hydrogen and subsequent 
dehydration. Ascaridole, A^-p-menthene 1 : 4-dioxide, 

MeC—O O— ^Pr» 

\3H,— CH,/ 

obtained from chenopodium oil, has b.-pt. 96° 97°/8 mm., 
and its structure follows from the readiness with which it is 
hydrogenated to 1 : 4-terpin. 


C. Dicyclic or Bridged Terpenes and 
Oxygenated Compounds 


These compounds are more complex than the monocyclic 
terpenes. They consist of two condensed rings with two or 
three carbon atoms in common, and the rings may be 3-, 4-, 
5- or 6-membered rings. They may also be regarded as derived 
(a) from ^^-menthane by the direct union of two carbon atoms 
and the formation of a simple bridge, or (6) from methylated 
cyclohexanes by bridging with a GHg or CMcg bridge. 

The chief groups are: 


1 

II 

III 

IV 
V 

VI 

VII 


Thujano 

Pinano 

Carano 

Camphane 

Isooamphane and 

Fenchano 

Isobornyiane 


p-men thane with direct union between 2 and 4. 

„ „ 2 and 8. 

„ „ 3 and 8. 

„ „ 1 and 8, 

Trimethylcyclohexane with a CHj bridge. 
Methyloyclohexane with a CMe* bridge. 



~CM©, 
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CH3 


The terpenes found naturally are in practically all cases 
unsaturated and contain one or two olefine links, and some 
are characterized by the readiness with which they undergo 
complex changes into isomerides; cf. the W agner-Meerwein 
transformation (p, 978). The commonest of the hydrocarbons 
is a-pinene derived from II, and the most important oxygen 
compound camphor derived from IV. a- and )3-Pinenes are 
the parent hydrocarbons of all terpenes as by ring fission they 
can give dipentene (p. 963), and by molecular rearrangement 
into borned derivatives (i.e. camphane compounds) and cam- 
phene (a derivative of isocamphane) can be obtained from 
borneol. 

1. TERPENES 

a-Pinena, (I. p, 975), is the chief constituent of 

German and American oil of turpentine, oil of juniper, euca- 
lyptus, oil of sage, &c. It forms, together with j9-pinene, 
sylvestrene, and dipentene, Russian and Swedish turpentine oil. 

Oil of turpentine is obtained by distilling turpentine, the 
resin of pines, with steam, colophonium (fiddle resin) (Chap. 
XXXII, B3) remaining behind. It is a colourless, strongly 
refracting liquid of characteristic odour, almost insoluble in 
water but readily soluble in alcohol and ether. It dissolves resins 
and caoutchouc (being therefore used for the preparation of 
oil paints, lakes), also sulphur, phosphorus, &o, Pinene absorbs 
oxygen from the air with the formation of HjOj and production 
of resin, minute quantities of formic acid, cymene, &;c., being 
formed at the same time. Dilute nitric acid gives rise either 
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to terephthalic acid in addition to fatty acids, or — under other 
conditions — to terpenylic acid (p. 970), C 8 Hi 204 (which belongs 
to the fatty series). Heating with iodine transforms it into 
cymene, the action being violent. It acts as an antiseptic, 
and arrests the secretions (e.g. that of the kidneys). 

It exists in d, I and dl forms: d-pinene or australene occurs 
in large quantities in German, Russian, and Swedish oils; 
Z-pinene or terebenthene in French turpentine oil; dd>pinene 
is obtained by heating pini^ne nitroso-chloride with aniline. 

d- or Z-a-Pinene has b^-pt. 156°, d: ^5°, and dj?* 0'858, 
the d4 form has the s^e boiling-point and density. 

The presence of ^ydouble bond in the pinene molecule is 
indicated by the formation of dibromides, an oil and a solid 
melting at 169°, and also by the formation of a glycol, pinene 
glycol, GiQHig(OH) 2 , by the action of dilute permanganate, 
and of a nitroso-chloride N 0 C 1 ) 2 , colourless crystals 

melting at 103°, used for isolating pinene from mixtures. 
This yields a nitrolpiperide, m.-pt. 118°. 

Hydrochloride, CjoHiyCl. At temperatures below 0 ° pinene I 
forms the normal hydrochloride II by the addition of H and 
Cl to the olefine bond, H to CH and Cl to CMe, but at 0 ° or 
higher temperatures the actual product is i^obornylchioride 
III, formed by molecular rearrangement (termed the Wagner ^ 
Meerumn rearrangement). 


CMe 

Z' \ 

HC /CH 
1 I CMe* 1 
H,C I CH, 


CMeCl 

H,C"^ 

II 1 Me,C 1 - 

H,C I CH, 


CMe 

/ ' \ 

CIHC ! OH, 

I CMe, i III 
H,C i CH, 


The constitution of pinene is based largely upon that of 
pinole, CiqHi^O, a product obtained by the elimination of 
water by the aid of dilute mineral acids, from sobrerol, 
CioHie(OH)j, which is formed when pinene is left exposed to 
sunlight in contact with air and water. With dilute perman- 
ganate, pinole, which is an unsaturated ether, yields pinole- 
glycol, CioHi 0 O(OH) 2 , and this on further oxidation yields a 
tetrahydric alcohol IV, Bobreryfhritol, p-mmZAanc- 1 : 2 : 6 : 8 - 
tetroly Ci 0 Hi 4 (OH) 4 , which can be oxidized to terpenylic 
and terebic acids. Oxidation with chromic acid yields 
hydroxycarvone. Sobrerol is thus the unsaturated glycol 
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A^-^‘menthen-6 : 8-diol, and pinole the anhydride of this, 
viz. V {Wa-gner). 

Me 



When boiled with dilute acids pinene yields terpineol or its 
esters; such a transformation is explicable if the assumption 
is made that the four-membered ring is unstable, and that a 
rupture between the CMe^ and upper CH group occurs. A 
similar rupture, accompanied by the wandering of a chlorine 
atom, occurs in the transformation of pinene nitroso>chlorido 
into hydrochlorocarvoxime under the influence of hydrochloric 
acid. 

When pinene is oxidized with permanganate the double link- 
ing is broken and a monobasic ketonic acid, a-pinonic acid. 


COjHCHjCH 



HCOCH 


a» 


is formed, and this on further oxidation with hypobromite 
yields the dibasic acid, a>-pinic acid, 


/CMe|v 


from which m-norpinio add, 1 : \-dimethyl-cyclohutane‘2 : 4- 
dicarboxylic add, can be obtained {Baeyer, B., 1896, 1907), 
indicating that the four-membered ring is stable in the presence 
of oxidizing agents, although readily ruptured by hydrolysing 
agents, e.g. pinonic acid yields when hydrolysed a lactone, 
homoterpenyl methyl ketone (cf. p. 970). 

/CMe,. 

OHCOCHaCH< OCHCOCH, 

CMo.,OH 

0H C:O'C’H, 



HCH,Cll,CO'CH,. 
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The structure of the norpinic acid has been further proved 
by the synthesis of the trans isomeride by Kerr (J. A. C. S., 
1929, 614) and the conversion into the cis-anhydride and then 
into the cis-acid. 

The only reactions of pinene difficult to account for by 
means of Wagner's formula are its oxidation to isoketocam- 
phoric acid, isocam phoronic acid, and terebic acid {Tiemann 
and Scmmler^ B., 1896, 529, 3027; Perkin^ Proc., 1900, 214). 

The isomeric /S-pinene (Z-nopinene) with the double bond in 
position 1 : 7, occurs in many turpentines, e.g. French oil, 37 
per cent. It has [aju — 22*4°, but yields no crystalline deriva- 
tives. On oxidation it yields produots quite different from 
those obtained from a-pinene. The first product, with per- 
manganate is the glycol, which then gives an a-hydroxv acid 
•CH(0H) CH2*0H •CII(0H)-C02H (nopinic acid), and finally 
a ketone •CH(0H)-C02lI -> -CO and COg. The ketone 
nopinone, CO in place of -CH'.CHg in jS-pinene, yields a semi- 
carbazonCf m.-pt. 188°, and on oxidation with nitric acid both 
rings arc ruptured and the lactone acid, homoterpenylic acid 
(p. 970), is formed. ^-Pinene can be synthesized from this 
ketone, and nopinic acid with dilute mineral acids gives di- 
hydrocumic acid which oxidized with ferricyanide yields cumic 
acid (p-i^opropylbcnzoic acid). 

Bomylene* C^oHie, is obtained by the action of alcoholic 
solutions of potassium hydroxide, but particularly of potassium 
amyloxide at 190° on bornyl iodide (from pinene and HI). 
As it is readily oxidized to camphoric acid III it is represented 
by formula I. By the dehydration of borneol and isobomeol, 
the alcohols corresponding with bornyl and isobomyl iodides, 
camphene (p. 978) is formed, but when the methyl ester of 
bornyl or isobornyl methyl xanthate (-CH^O-CSj-CHj) is dis- 
tilled, the main product is bomylene with some of the 
isomeride tricyclene (this Chap., D.). It has m.-pt. 113°, 
b.-pt. 146°, and [a]i> 21*7° (in toluene) and yields a nitrosite, 

m.-pt. 163°. On catalytic hydrogenation it yields camphane, 
and with hydrogen chloride it yields 8-chlorocamphane, 
m.-pt. 138°. 


I 


CHa-OMeCH 

I 


CH,CH-0H 


Pomylenc 


11 


CH.CMeCO 

CMe, 

CH,CH-CH, 


Camphor 


CH,CMeCO,H 

in I CMe, 

CH,CH-CO,H 
Camphoric acid 
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Camphene, d and I, is a solid, m.-pt. 51®-52® and [a]p — 85®. 
It can be obtained from pinene hj combining with hydrogen 
chloride, forming bornyl chloride, and then removing hydrogen 
chloride by means of alkalis. Using the iodide the product is 
a mixture of bornylene and camphene. For some years it was 
represented by formula I, but it does not yield camphoric 
acid when oxidized. Harries and Palmen (B., 1910, 1432) 
have shown that it forms an ozonide when its acetic-acid 
solution is saturated with ozone, and that this when warmed 
yields a mixture of camphenilone (30 per cent) (IV), and the 
lactone dimethylnorcampholide (50 per cent) (V), and they 

Cn^ CH CMe, CIIg'CH • CMo, CH^ CH CMej 

IV j CHij V i CHj 6 VI j CH,i 

CHjCHCO CHj-CHCO CH.CHC.'CH, 


therefore favour Wagner's formula VI for camphene. The 
formation of the lactone V is due to a secondary reaction, 
viz. the formation of the peroxide of IV, and then by fission 
and subsequent ring formation. 

The formation of camphene from bornyl chloride must 
involve rearrangements within the molecule. Meerwein (A., 
1914, 405 , 129) represents the change, generally termed the 
Wagner- Meervrw rearrangement, as follows: 


(aK. C(CH,)^ 


c(:cH,)s 


CHa-CHCMe, 


CHa 1 

CH OH 

cn. 


CH,i 
• 1 

! CMejj 


. cm. 

i 1 

CH^CH 

6h, 

CHjC'lI 

i J 

— CH, ^ 

iH,CHC:CH, 


The change thus consists in a union between C atom a and c 
with the formation of a tricyclic system by the loss of H^O, 
followed by a scission between a and 6, by the addition of H 
to a, and OH to 6, and finally the elimination of water the OH 
from b and the H from the CHj attached to 6. This has been 
shown to be improbable as tricyclene postulated as the inter- 
mediate is a stable compound more stable than camphene, and 
Robinson suggests electronic changes comparable with the 
pinacol-pinacone change (Chap. XXXVIII). 

The molecular refraction {Auwers, A., 1912, 887, 240) 
agrees with Wagner's formula. Its oxidation products are 
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{a) oampheniloue (IV) (oxidation of CiCHg to CO); (b) 1 per 
cent permanganate on a benzene solution, the glycol (VII), 


VII 


€Me, 
OH 


-CMe* 

VITI i OH 

— C-r 

vo^iU 


which can be readily oxidized to camphenylic acid (VIII); 
(c) with nitric acid, camphoric acid (III), and finally 2 : 2- 
dimethyl-cyclopentane-l : 1 : 3-tricarboxylic acid. Camphenic 
acid, 3-carboxy-cyclopentyle-l-iso-butyric acid IX, has been 
synthesized by Lipp (B., 1914, 871) from ethyl cyclopentane- 
1 -one-3-carboxylate and ethyl a-bromoiso-butyrate in the 
presence of zinc; then eliminating water from the hydroxy 
ester, and reducing the resulting unsaturated ester with 
hydrogen and platinum lilack. 


I AX) -> I ':C(OH) CMe, COj 

CO,Kt OH CH/ COjEt CH CH/ 


CHjjCHa- 

I ) 

COjH CH CH/ 


)cnA:Mv^‘C(\H. IX 


The reactions of camphene and bornylene with ethyl diazo- 
acetate confirm the formulas I and VI. The normal reaction 
with unsaturated compound is for nitrogen to be eliminated 
and the formation of a cyclopropane ring between the C atom 
of the CHg group of the diazo-ester, and the two C atoms 
united by the olefine linking. Camphene, if represented by 
formula VI, should thus give a compound containing the 


. V- CH* 

grouping, / 


, and this on final oxidation should 


CHCOjH 

yield cyclopropane- 1 : 1 : 2-tricarboxylic acid, whereas if it has 
the structure represented by formula I, originally attributed to 
camphene but now assign^ to bornylene, it should yield as 
final oxidation product cyclopropane-1 : 2 : 3-tricarboxylic acid. 
In reality it has bee|i found that camphene gives the 1:1:2- 
tricarboxylio acid and bornylene the isomeric 1:2: 3-acid 
{Buchner and Weigand, B., 1913, 769, 2108). 
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Campheiiiloue (IV, p. 978) ha.s \>oeii synilieHized, and this 
with MgBrCH 3 gives tertiary alcohol 



which undergoes dehydration with dilute sulphuric acid yield- 
ing camphene. 

Sabinene, /S}^'^^’thujene (cf. I, p. 973), occurs in marjoram oil; 
it has b.-pt. 163°-165° and [ajo + It forma a hydrochloride 
and a nitroao-chloride. Its oxidation products closely resemble 
those of camphene. It can yield a ketone by the replacement 
of the >C:CH 2 by >CO, glycol >C(OH)*CIl 2 *OH, and a 
hydroxy acid, sabincnic acid, >C(0H)*C02H. Its close 
relationship to the tliiijenes is shown by its catalytic reduc- 
tion to thujane and hence contains a 3 carbon ring: 

/CPrCH, — . 

J >H,. 

h:hc(:ch2)' 

a 1 7 

The tri-ring is readily ruptured, as sabinene and its deriva- 
tives can be transformed into terpinene and related hydroxy 
compounds, a- and )3-Thajenes, (Tschtigaeff, B., 1901, 

2279; 1904, 1481), also contain a tri-ring and respectively 
and A* thujene. 

2. ALCOHOLS AND KETONES 

The most important member of this group is: 

Common or Japan camphor, CjoHigO, which is found in 
the camphor tree {Laurus camphora)^ and can be obtained 
by steam distillation of the wood. It forms colourless, trans- 
parent, glistening prisms of characteristic odour. It melts 
at 179®, boils at 204®, has a sp, gr. 0-985, and can be sublimed 
readily. It is dextro-rotatory in alcoholic solution, the amount 
of rotation varying with the concentration. When distilled 
with phosphoric anhydride it yields cymene; zinc chloride 
at high temperatures also transforms camphor into cymene, 
though in the latter case. the reaction is less simple: 

- C,oHi4 + H,0. 
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When heated with iodine it yields carvacrol, i.e. hydroxy- 
cymene (p. 483), just as oil of turpentine yields cymene. Nitric 
acid oxidizes it to the dibasic camphoric add, CgHi4(C02H)2 
(III, p. 977), which somewhat resembles phthalic acid (see B., 
1890, 218), and then to camphoronic add, unsym. trimethyl- 
carballylic acid, &:c. Camphor yields camphor-oxime, ^10^^16 
(NOH), m.'pt, 119*5®, and a semicarbazone, m.-pt. 246®, and 
therefore contains a carbonyl group, and with nitrous acid it 
forms isonitroso-camphor, CiqHi 40:N*0H, and thus contains 
the group -CHg-CO. The oxime by the loss of water is con- 
verted into the cyanide, C^Hig-CN, which yields campholenic 
acid, CgHjg-CO^H, on saponification, and camphylamine, 
on reduction (B., 1888, 1125). 

A considerable anioimt of attention has been devoted by 
various chemists to the question of the constitution of cam- 
phor {Lapworth, B. A. Report, 1900, 299). At first, great im- 
portance was attached to the readiness with which camphor 
can be transformed into benzene derivatives, e.g. cymene and 
carvacrol, and attem])t8 were made to represent it as a simple 
six-carbon ring compound, e.g. KehuU^ 


CHMe,CH 



Me. 


whereas others represented it as a bridged six-carbon ring. 
In 1893 Bredt suggested the formula II (p. 977), which is now 
generally accepted, and which has been confirmed recently by 
the synthesis of camphoric acid. Bredt drew especial atten- 
tion to the oxidation products of camphor, namely camphoric, 
cam})horonic, and trimethyl -succinic acid previously obtained 
by Koenigs, He showed that camphoronic acid when heated 
gave trimethyl-succinic, isobutyric, and carbonic acids and 
carbon, and suggested the formula C02H*CH2*CMe(C02H)* 
CMeg’COjH, viz. a-a-jS-trimethyl-carballylic acid, a consti- 
tution which has since been confirmed by TF. J?. Perkin and 
Thorpe's synthesis (J. C. 8., 1897, 1169). This consists in 
condensing ethyl acetoacetate and ethyl a-bromo-isobuty- 
rate by means of zinc to ethyl j8-hydroxy-a-a-j3-trimethyl 
glutarate: 


CBrMe,CO,Et 
+ CH, CO CH, CO,Et 


CMe,CO,Et 
OH CMeCH,CO,Bt. 
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The OH group is replaced by Cl, and this by CN, and 
the cyano-ester when hydrolysed yields camphoronic acid: 

CMe^CO^iEt CMejCOjH 

CN CMe CHj COjEt COaH CM© CH, CO,H. 


The relationship between camphor and its oxidation products 
is thus simple, as shown by the following scheme; 

<»> CH2<;Me-CO o) CH,CMoCO,H( jS) CH,— CMeCOaH 

I mCMe,|<8>*<»> j {'Me, -► | CMe, 

<«dH, CH— CH, CH— 00,H(a) CO,H CO,H 

, Camphoric acid Camphoronic acid 

Camphor 


Camphoric acid has been synthesized by Komppa (B., 1901, 
2472; 1903,4332; J. C. S., 1911, 2010). Ethyl oxalate and 
ethyl ^^-dimethyl-glutarate condense in the presence of 
sodium ethoxide, yielding diketo*apocamphorate I: 


COOEt 

COOEt 


HCHCOjEt 
+ CMe, 
H-CHCO,Et 


- 2EtOH + 


COCHCOjEt 

CMe, 

COCHCOjEt, 


(I) 


which, methylated by means of sodium and methyl iodide, 
yields the ethyl ester of dikcto-camphoric acid II: 


COCMeCO,Et 
(II) I CMe, 

(ioCHCOjEt 


CHCMeCO,Et 
(III) j| CMo, 

CHCHCOjEt, 


and this can be reduced with sodium amalgam to dihydroxy* 
camphoric acid;, further reduction with phosphorus and hy- 
driodic gives dehydro-camphoric acid, III, which combines 
with hydrogen bromide; and the jS-bromo-camphoric acid 
thus obtained, when reduced with zinc and acetic acid, yields 
the racemic modification of camphoric acid. 

.CII(C02H)*CH2 

A synthesis from I , has been accom- 

H^H(C02lI)*C0 

plished by somewhat similar steps [Perkin and Thorpe^ J. C, 8., 
1904, 146; 1906, 799). 
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Camphor can be syntliesized from camphoric acid by the 
following series of reactions (Haller, C. R., 189G, 122, 446): 



XO-v 

>0 

CAi/ 


KCN 




COOK 

CH,CN 


Camphoric 

Hrihydiide 


Campholide 


hydrolysed 


CAL 


GOOH 


Homocarnphoric 

nitrile 


o 

(Al. 


CHaCOOH Casak 
Homocarnphoric acid Camphor 


Considerable amounts of camphor (mainly dl form) are 
manufactured from pinene by the following series of reactions 
(J. J.E. C., 1934, 589): 

Pinono -+ Burnyl chloride -> laobornyl acetate 
HCl Metallic 

acetate 

Ifiobornool -> Camphor, 
hydrolysed oxidized 


To obtain good yields it is essential to use pure pinene and 
carefully to control the reactions, especially the final oxida- 
tion with nitric and sulphuric acids. Several factories produce 
camphor by this process, but their output varies enormously 
with the price of the natural products. Camphor is used in 
medicine and for the manufacture of celluloid. 

Camphoric acid is an unsymmetrical dibasic acid, as it gives 
two isomeric monomethyl esters and two amic acids. One 
carboxylic acid is probably attached to a tertiary and the 
other to a secondary carbon atom, as the acid 3 deld 8 a single 
monobromo substituted derivative when subjected to the Hell- 
Volhard-Zelinsky method of bromination. The derivatives are 
known respectively as a and ^ (or ortho and alio), the a- 
methyl ester, for example, contains the group >CH‘C 02 Me, 


and the j8-methyl ester the group ^C-COjMe 


As isonitroso- 


camphor — C(:NOH)*CO — when w^armed with hydrochloric 
acid yields a-camphoramic acid, >CH*C 0 *NH 2 ; follows 
that the methylene group of camphor corresponds writh the 
a-oarboxylic group in camphoric acid. 

As the camphoric acid molecule contains two centres of 
dissymmetry it exists in four optically active and two racemic 
mo^cations, the latter known respectively as d{-camphoric 
and di-isocamphoric acids. The properties of the acids are: 
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d- aud Z-camphoric, ni.-pt. 187°, and [aji, d: 47*8°; (H-camphorio, 
m."pt. 202°--203°; d- and i-mcamplioric, m.>pt. 171°- 172°, and 
[a]i, + 47*1°; d-I-iso acid, m.-pt. 191°. To obtain complete race- 
mization of d-camphoric acid it is necessary for epimerization 
to occur at both centres; when epimerization at one centre 
occurs then a certain amount of the d-isocamphoric acid is 
formed. Camphor, on the other hand, exists in two active 
and one racemic form only, and on catalytic reduction yields 
an optically inactive camphane. The dissymmetry is due to 
the presence of the CO group. In the oxidation of camphoric 
acid to camphoronic acid, camphanic acid, the lactone of 
a-hydroxy-camphoric acid is formed as an intermediate 
product; its constitution follows from the fact that it is 
formed by boiling bromo-camphoric anhydride with water. 


CH,C CO,H 

‘ 

(JMe* O 


CH, 


.(I'Me-io 


Camphanic acid. 


Numerous mono- and disubstituted derivatives of camphor 
are known. The isomeric mono-substituted compounds are 
often termed a, and tt, but it is preferable to denote the 
number of the carbon atom to which the substituent is attached 
according to the scheme where the C of the CO group is 2. 
Then the prefixes a, p and tt correspond respectively with the 
3-, 10-, and 8-positions. 


10 



The first product of chlorination, bromination or nitration 
is always a 3-8ubstituted compound, and frequently a mixture 
of two stereo-isomeric products as the two hydrogens attached 
to 0 No. 3 are not absolutely equivalent. The further product 
is usually a 3 : 3-disub8tituted derivative, and when the two 
substituents are different a mixture of two stereo-isomeric 
products is often obtained, e.g. 3-bromo-3-nitro-camphor* 
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The two 3-bromo-camphor8 have much the same melting- 
points, viz. 76® and 78®, but very different rotations; in alcohol 
the 3-compound has [aj^ + 165® and the 3-ifio-compound —40®, 
and the addition of alkali to an alcoholic solution of either 
produces an equilibrium mixture of the two with [a]i, + 147®. 
A characteristic property of the camphorsulphonic acids is 
the readiness with which the sulphonyl chlorides and bromides 
lose SO 2 when heated, yielding the corresponding chloro- and 
bromo-camphors, and this is often the most convenient method 
of preparing the 10- and S-compounds. 

The position of a substituent in the camphor molecule is 
often readily ascertained by an examination of the oxidation 
products, particularly the camphoric acids. Thus 3-substituted 
camphors yield camphoric acid itself, whereas 10- and 8- 
compounds yield the corresponding substituted camphoric 
acids. Among the camphor products of interest are: 

(1) Camphor-lO-sulphonic acid (Reyehhr's acid), obtained 
by sulphonating camphor in acetic anhydride solution (cf. 
Burgess and Lomy, J. C. 8., 1925, 279). 

(2) Kipping's 3-bromo-camphor-8-sulphonic acid, obtained 
by sulphonating a-bromo-camphor, is probably a mixture of 
the 3- and S-i^o-compounds. 

Both the above acids are optically active strong monobasic 
acids, and are frequently used for resolving dJ-bases into their 
active components (cf. Chap, L, A.). 

(3) 3*iso]iitro-camphor, m.-pt. 102® and [aju — 124®, cannot 
readily be obtained by direct nitration as the chief products 
are oxidation products. It is best obtained by reduction of 
a-bromo-a'-nitro-camphor with alcoholic potassium hydroxide. 
It shows marked mutarotation in the presence of traces of 
alkali (Chap. LXXI, 12), and this is due to the formation of 
the isomtro {or pseudomivo) group >CH-N02“> >C: NO-OH. 
This acid form has not been isolated in a pure form, but 
numerous salts have. The bromo-compound >CBr-N 03 | does 
not exhibit mutarotation as it cannot yield the isomito group 
(Lomy and others). A solution of 3-nitro-camphor when 
evMorated yields the anhydride of isonitro-camphor, 
>0:NO-O*X)N:C<, m.-pt. 193®, and when this is heated above 
its melting-point camphorquinone is formed. 

This diketone-oamphorquinone (the CO groups in positions 
2 and 3) is formed as above or by hydrolysing wonitroso- 
camphor with formaldehyde and hydrochloric acid and is an 
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intermediate in the oxidation of camphor to camphoric acid. 
It forms yellow needles, m.-pt. 198® and [a]© — 105®, in chloro- 
form, and is a typical a-diketone and gives two pairs of stereo- 
isomeric oximes. 

Camphor itself reacts as a typical ketone with the >CH 2 *CO< 
group. It forms an tsonitroso-compound >C(NOII)*CO<; 
it reacts in the enolic form >CH:CH(OH)<, forms a sodium 
derivative which absorbs carbon dioxide, yielding camphor- 
carboxylic acid which is also obtained by hydrolysing a-cyano- 
camphor, and hence has the carboxylic group in position 3. 
The 3 -alkyl -camphors are formed by the action of alkyl 
iodides on sodio-camphor and S-acyl-derivatives in a similar 
manner. 

With Grignard reagents camphor forms tertiary alcohols. 
When reduced in neutral solvents with metallic sodium cam- 
phor yields a mixture of the stereo-isomeric secondary alcohols 
bomeol and iso-borneol; the same products are found by 
catalytic hydrogenation, using nickel oxide at 320®-350® and 
high pressures. By using platinum black the product is mainly 
the wo-compound, viz. M per cent. 

Isomeric with camphor is the compound termed jS-camphor 
in which the C atom No. 2 has two hydrogens and C No. 3 
an oxygen atom attached, i.e. the grouping >CMe*CH 2 *CO* 
CH< (cf. Bredt and Perkiriy P., 1912, 56). 

Bomeol and wo-BoraeoL — The borneols — the secondary 
alcohols corresponding with the ketone-camphor — exist in 
stereo-isomeric forms due to the spatial arrangements of the 
H and OH groups attached to C No. 2.* They are known 
respectively as bomeol and iso-borneol, and each exists in d, 


1 and (U forms. 

m.-pt. 


m.-pt. of 
p-nitro- l>cnzoatc 

d- or Z- Bomeol 

208-5'* 

±37-92** 

137° 

d^Bomeol . . 

210-3 

— 


d- or i-iso>Boracol 

214 

±34-1 1 

129 


The three forms of bomeol occur in various essential oils, 
whereas the t^o-borneols do not. The i<?o-oompound8 are 
formed by the catalytic hydrogenation of camphor or by the 
hydration of camphene, e.g. the acetate by heating camphene 

• i.c. Whether the OH and the CMe» bridge arc on the same side of the 
cyclohexane ring or on opposite sides. 

t Varies with solvent. The value given is for ethyl acetate solutions. 
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with sulphuric and acetic acids; in the latter case the product 
is almost completely racemized. 

Both series of compounds are readily oxidized to camphor, 
and both on dehydration yield camphene, but t>o-borneol 
more readily than borneol. 

As alcohols they yield various esters, the p-nitro* benzoates 
are useful for identification and the chlorides are of technical 
im})ortance. Bornyl chloride, m.-pt, 132°, is formed by the 
addition of HCl to pinene (Wagner- Meerwein change, p. 978) 
and is termed “ artificial camphor /^o-bornyl chloride, 
m.-pt. 161°, is formed by the addition of HCl to camphene. 

The configurations of the two borneols or the two bornyl 
chlorides are not definitely established, but Kominpa and 
Beckmann (A., 1936, 52£» 137) regard borneol as the endo 
and iso-borneol as the exo compound (cf. Chap. L, A7). 

In the synthesis of camphor by oxidizing tso-bomeol (cf. 
p. 983) a 97 per cent yield is obtained by using a nickel 
catalyst with 10 per cent of copper and iron oxides at 200°. 

Fenchone, a*methylcamphenilone, m.-pt. 5°~6° and [a]^ + 
64°, is isomeric with camphor, occurs in fennel oil, is repre- 
sented by Semmler (A., 1912, S87, 1) by formula VI (below), 
and its complete synthesis has been achieved (Ruzicka^ B., 
1917, 1362). Ethyl l-methylcyclopentane-3-one-l-carboxylate 
(I), ethyl bromo-acetate and zinc yield ethyl 3-hydroxy-3- 
carbethoxyme thyl - 1 - methylcyclopentan - 1 - carboxylate (II) , 
which reacts with PBrj, yielding the unsaturated ester, ethyl 
dehydromethylnorhomofenchonate (III), which is readily 
reduced to ethyl methylnorhomocamphorate (IV), and the 
lead salt of this heated in a current of COg yields methyl - 
norcamphor (V), which with excess of methyl iodide and soda- 
mide gives a mixture of fenchone (VI) and fenchosantanone 
(the monomethyl derivative): 


I 

CH,CMeCO,Et 

CHj 

GH.CO 

IV 

CH,CMoCOaEt 

I 


II 

CH.CMeCO^Et 

OH, 

CH,qOH)CHaCO,Et 

V 

CH,CMeCO 

I I 

CH, CH CH, 


III 

CHoCMoCOaKt 

I CH, 

CH,C:CHCO,Kt 

VI 

CHjCMeCO 
CHj I 

CH, CH CMe, 
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J'enchone, unlike camphor, is resistant to oxidizing agents, 
and hence a study of degradation products is not easy. Diges- 
tion with sodamide, however, causes a fission in the ring at 
the >CO*CMe 2 <, yielding — CO NHg and -CHMeg by the 
addition of ammonia. The product, the amide of fencholic 
acid, has been proved to be the amide of l-methyl-4:-t\vo- 
propylcycZopentane-l -carboxylic acid. Due to the grouping 


^Me-CO-CMe^ the carbonyl is not reactive, and the 

semicarbazone is formed extremely slowly. There is also no 
indication of enolization. It can be reduced catalytically to 
Z-fenchyl alcohol and finally to fenchane. 

Fenchenes. — By the dehydration of fenchyl alcohols or the 
elimination of hydrogen chloride from the chlorides a mixture 
of 4 isomeric fenchenes is obtained together with a tricyclic 
terpene. It is probable that none has been obtained pure, 
but from a study of degradation products they appear to have 
the structures: 



In the formation of several of these a change in ring structure 
{W alden-Meerwein change) must occur, e.g. fenchyl alcohol 
a-fenchene. 

Santene, C9H14, is present in E. Indian sandalwood oil. Its 
nitroso-cMoride melts at 110° and its nitrosite at 123°-126°. 
It contains one olefine link, and can be represented by the 
structure ✓ 



as on oxidation it yields a glycol, then a diketone, and finally 
cycZo-pentane-l : 3-dicarboxyUc acid. 

Thujone (I) occurs in thuja, wormwood, and sage oils; it is 
not nnsaturated, and hence contains a dicyclio system; when 
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heated it forms carvotanacetone (II), and this is readily 
reduced to carvomenthol (III): 


CHMe 

CMe 

CHMe 



/ \ 

CO CH 

CO (;h 

Oil Cl r CH, 

J / 1 

J J 

in 1 1 

CTL / CH. 

CIL CH^ 

CH. CH, 

\ i/' 

W 


CC.’UMe, 

CHCHMe, 

CH CHMej 


The Carone Group 

Carone, CjoHieO (II), is one of the most important ring 
ketones of the terpene series, and is formed when dihydro- 
carvone hydrobroniide, 8-bromomenthan-2-one (I), is treated 
with alcoholic potash {Baeyer, B., 1896, 5 and 2796). 

CUMe (4) CHMe 

/ \ 

HjC CO CO (3) 

!h (2) 

( 1 ) m 


H,C CH, 
\%-0nrMe. 


H.C I'n 


It is a colourless oil with an odour of camphor and pepper- 
mint, and boils at 210°, but is, at the same time, partially 
tranrformed into the isomeric carvenone. The molecule, 
according to Baeyer, contains a six-carbon ring with a bridge. 
One of the most characteristic properties is the readiness 
with which the bridge is broken and derivatives of p- or 
m-menthane are produced. Thus when heated it yields car- 
venone or A®-p-menthen-2-one, 


CHMe,( 



with hydrobromic acid it yields 8-bromo-menthan-2-one, and 
with sulphuric acid 8-hydroxy-menthan-2-one, 
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When oxidized with hot permanganate, carone yields a 
dibasic acid, caronic acid {ds and trans modifications, m.-pt. 
174° and 212°), which Baeyer suggested was 1 : l‘dimethyl- 
cyclopropane'2 : 3-dicarboxylic acid, 

.CHCOaH 
CMe^/ I 


a conclusion confirmed by Perkin's synthesis (J. C. S., 1899, 
48) from ethyl dimethylacrylate, CMe2:CH*C02Et, and ethyl 
sodio-malonate (or ethyl sodio-cyanoacetate). The product, 
ethyl dimethylpropane - tricarboxylate, (COgEtljCH-CMeg* 
CHg’COgEt, when hydrolysed and heated at 200°, yields jS/S- 
dimethyl-glutaric acid, C02H*CH2*CMe2-CH2‘C02H. The 
a-bromo-derivative of the ethyl ester of this acid, C 02 Et- 
CHBr‘CMe 2 ‘CH 2 ‘C 02 Et, yields ds and trans caronic acids 
when heated with alcoholic potash: 

CMe, ( IMoj 

COjKt HcClJCH COJCt COJi nd^H COjH. 

The hydrocarbons A®- and A*-caren8S,* CjoHig, have been 
isolated by Simonsen: the former from Finns hngifolia (J. C. S., 
1920, 571), and the latter from the oil of Andropogon 
Jwarancusa (1922, 2294). The A» has b.-pt. 170° and [a]i> + 7*7°, 
and the A^, b.-pt. 165-5°, and [a]i> + 69°. On oxidation both 
yield compounds containing the cyclopropane ring, the formei 
giving caronic acid and the latter 1 : l-dimethyl-2-y-keto- 
butylcyclopropane-3-carboxylic acid. On the other hand the 
cyclopropane ring is readily ruptured by acids and both 
hydrocarbons react with hydrochloric acid yielding mixtures 
of the hydrochlorides of dipentene and sylvestrene. The 
sylvestrene obtained from certain natural products apparently 
does not exist as such in the original material, but is formed 
from the carenes present by the method of treatment with 
hydrochloric acid. It is thus probable that derivatives of m- 
menthane do not occur in nature, but are products of intra- 
molecular change (J. C. S., 1925, 2494). 

With compounds containing a di- or tricyclic system, it 
must be remembered that in most cases the different rings do 
not lie in the same plane. This is most readily seen with the 


* See Carone formula, p. 689, lor numbering. 
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aid of models, and holds good for camphor, camphene, fen- 
chone. The usual single plane formulae, therefore, do not re- 
present the actual s})atial relationships of the group. 

In a survey of the dicyclic systems attention should be 
drawn to the stability of tri- and tetra-ring systems to 
oxidizing agents and their instability towards hydrolysing 
agents. By means of these reagents it is frequently possible 
to arrive at valuable information concerning the structure of a 
given dicyclic compound. By the aid of oxidizing agents 
simple derivatives of cyclopropane or cyclobutane can be 
formed, and by the aid of hydrolysing agents derivatives of 
cyclohexane. 


D, Tricyclic Terpenes 

Attention has already been drawn to the possibility of the 
formation of a tricyclic system in the Wagnef’-Meerwein 
change (p. 978), and in the distillation of bomyl and iso- 
bornyl xanthates the bornylene is always mixed with some 
tncyclene I, and the same compound is present in the camphene 
obtained from bomeol. It can be obtained by the action of 
zinc dust on pinene dibromide, 2 : 6-di-bromo-camphane. 
The simplest method is by the action of yellow mercuric oxide 
on camphor-hydrazone (B., 1920, 1815) in alkaline solution. 
It is very volatile, has m.-pt. 68°, b.-pt. 153° /761 mm,, and by 
catalytic reduction yields tsocamphane. 

Teresantalic add, Ci(^IIi 402 , present both free and as esters 
in E. Indian sandalwood oil, has a tricyclic structure. It melts 
at 157° and has [a]t) ~ 76*6° (in benzene). It is resistant to 
oxidizing agents, but with sulphuric acid readily yields san- 
tene, (p. 988). Its relationship to tricyclene is shown as 

follows: methyl teresantalate reduced gives an alcohol tere- 
santalol; this with PClg gives teresantalyl chloride, which 
reduced with sodium and alcohol gives tricyclene, and hence 
teresantalic acid is represented by 11. 


/ 


N 


\ 

1 or written | 

l! \ 

D< 

n 1 
\ 

7 


CO,H 
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E. Irone and lonones 


Irone — a methyl ketone, CjjHgoO — is the odoriferous prin- 
ciple of the iris root, and also probably of the violet. When 
boiled with hydriodic acid it yields the hydrocar !)on Irene, 
CiAs. 

The formulae suggested by Tiemann and Krmjer are; 


CMe, 

HC'^ ^H-CH : CH COMe 

!l I 

HC CHMe 

Irone 


CM^a Vli 

/\ /\ 

HC CH CH 

j; I I 

HC CH (We 

v-' \^''' 

CH, CH 

Irene 


(cf, B., 1893, 2675). These chemists have syntliesized two iso- 
merides of irone, which they term a- and /3-ionones. These 
also possess the odour of violets, and are employed at the 
present time for the manufacture of violet and raspberry 
essence. 

The synthesis consists in the condensation of citral (p. 958) 
with acetone to form the unsaturated ketone pseudo-ionone : 

CAIc, : CH CH*CH,'CMe .* CHCH!5~TH,jCH>CQMe 

CMe, : CH CHj CH^CM© CH CH : CH COMe, 

which is transformed into the ring compounds a- and jS-ionones 
when boiled with sulphuric acid and glycerol: 

CMea CMe, 

H.C^.CHCH : CHCOMe H,C/^\CCH : CHCOMe 

HjCkJcMe HjC's^CMe 

o-Ionone ^-lonone 

Methyl-ionones with -COEt in place of COMe are formed 
when methyl ethyl ketone is used in place of acetone and have 
a still more pronounced raspberry odour. 
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F. Sesquiterpenes and related Oxygen 
Compounds 

A detailed study of these compounds has been made within 
recent years, especially by Ruzicku, and the results published 
in Helv., 1921-1936. Like the terpenes proper they may be 
clivdded into: (a) open-chain compounds with four olefine 
linkings; (b) monocyclic systems with three; (c) dicyclic with 
two, and (d) tricyclic with only one olefine linking. A clue as 
to which of these groups a given compound belongs can be 
obtained by a study of the number of hydrogen atoms it can 
take up when catalytically reduced and also from a study of 
its molecular refraction as for a hydrocarbon, C 15 H 24 , the 
values vary from 69*6 for an open-chain compound to 64*4 for 
a tricyclic system. Attention must, however, be paid to the 
exaltation of the refraction produced by conjugate double 
bonds and by semicyclic bonds (Chap. LXXI, H3). 

1. Open-chain compounds.—NerolidoL Cj^Hgs-OH, occurs in 
orange flowers and Peru bark, and its structure as 2:6 : 10 - 
trimethyl-A*'®-^^-dodecatriene- 10 -ol, I, or the isomeric 
compound, 

I CMcj : CH Cn, CH, CMe I CH CH^ ClL CMe(OH)'CH : CH„ 

has been established by its synthesis from geranyl chloride, 
which reacts with ethyl acetoacetate yielding dihydropseudo- 
ionone (II), and this condensed with acetylene in presence of 
sodamide yields dehydronerolidol (III), which can be reduced 
by sodium and moist ether nerolidol (IV). 

♦ GerCl -> Ger CH, CO*CH,(II) G6r-OH,*CMe(OH) C ; CH (III) 

-H. Ger'CH» CMo(OH) CH : CH, (IV). 

Closely allied to and isomeric with nerolidol is famesoU 
obtained from the flowers of Acacia farnesiana and other 
species of Acacia. The fact that treatment with acetic anhy- 
dride converts it into nerolidol (together with some famesene), 
just as linalool is converted into nerol, suggests that it bears 
the same relationship to nerolidol that linalool does to nerol, 
and is therefore Oer'CHj’CMetCH’CHg-OH, and this structure 
is oonfiirmed by the fact that it is readily oxidized to the corre- 

• Ger ttsnds for the geranyl group CMc,: CH*CH,'CH,*CMe : CH CH, 
or CH, : CMe [CHJ, CMe : CH CH, (cf. this Chap., A.). 

( B 480 ) S3 
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sponding aldehyde, famesal, and the oxime of this when de- 
hydrated yields a nitrile which on hydrolysis gives dihydro- 
pseudo-ionone (p. 992, 0 and Hg adding on to olefine linking 
and producing fission). 

2. Monocyclic sesquiterpenes and alcohols.— Bisabolme, 

C15H24, is very common in essential oils; it has b.-pt. 133®/12 
mm., forms a trihydrochloride, m.-pt. 79®, and on ozonolysis 
gives acetone, laevulic acid and some succinic acid, but no 
formaldehyde or formic acid. When hydrogenated with 
platinum black as catalyst and in cycZohexane solution it yields 
a tetrahydro product with one olefine link in the chain, and as 
this on ozonolysis gives 4-methyl-cyclohexanone and 5-methyl- 
heptan-2-one, it must be a derivative of methyl-cyclohexane 
with a semicyclic olefine link, and as it is derived from a- 
bisabolol it must be A^-tetrahydro-toluene with a para : CMe* 
CHg-CHg-CHiCMeg (side chain). 

The alcohol, a-Bisabolol, C^sIIgg-OH, obtained as its acetate 
from farnesene by the action of acetic and sulphuric acids, is 
A^-tetrahydro-toluene with the •CMe(0H)-CH2*CH2*CH: CMcg 
group in position 4, ring closure having taken place under the 
influence of the acids. 

Zingiberene, C15H24, obtained from oil of ginger, is always 
contaminated with small amountb of bisabolene and on ozono 
lysis yields the same products as the latter, but differs in 
readily forming a dihydride and in reacting readily with ethyl 
diazoacetate. It contains three olefine linlangs, as it can take 
up six atoms of hydrogen by catalytic reduction, and should 
therefore be a monocyclic compound, and its relatively high 
molecular refraction can be accounted for if two of the three 
linkings are conjugate. Treated with hydrogen chloride it 
yields a dihydrochloride from which isozingibereue can be 
isolated by treatment with alkali. Both the hydrocarbons yield 
cadalene when dehydrogenated with sulphur, but zingiberene 
catalyticaUy dehydrogenated with palladium yields 2-methyl- 
6-y-tolyl-heptane, and this on oxidation gives terephthalic 
acid and no other acid, thus indicating that it is a p-disub- 
stituted derivative of a reduced benzene. Its reactions point 
to zingiberene being a A^-tetrahydrotoluene with the group 
•CHMe*CH:CE'CH:CMea in position 4, and isozingiberene 
is probably 1 : 7-dimethyl-4-wopropyl-A®'®-hexahydro-naphtha- 
lene. It also forms a tetrabromide. 

3. Dicydio sesquiterpenes* — These have been studied in 
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great detail and most of them contain a reduced naphthalene 
skeleton. The presence of this skeleton in cadinene faom oil of 
cubebs, cade oil and juniper wood, was rendered highly prob- 
able when Ruzicka (1921, 505; 1922, 369) obtained cadalene 
by heating cadinene with sulphur and so removing hydrogen 
s^phide (Vesterberg's method), and then by synthesis proved 
cadalene to be 1 : 7-dimethyl-4-isopropyl-naphthalene. The 
starting-point in this synthesis is p-cymyl- 2 -acetic acid 
(1 - methyl - i - isopropyl - benzene - 2 - acetic acid, C 3 H 7 *CgH 3 Me* 
CHg-COgH); when reduced by BouveavU^s method it yields 
the corresponding primary alcohol, -CHa-CHa-OH, the bro- 
mide of which condenses with sodio-methylmalonic ester 
yielding •CH 2 *CH 2 *CMe(C 02 Et) 2 , and from this by hydrolysis 
and elimination of carbon dioxide the monobasic acid, *CH 2 - 
CHg-CHMe-COgH, is formed. The chloride of this acid with 
aluminium chloride (Friedel-Crafta' reaction) undergoes internal 
condensation, the second ring is formed and the product, 
1 : 7-dimethyl-4-isopropyl-naphthalene, is identical with cada- 
lene. Among the oxidation products of cadinene are benzene- 
1:2: 4-tri- and benzene- 1 : 2 : 3 : 4-tetra-carboxylic acids 
formed by the rupture of one or other of the two nuclei in the 
skeleton. Cadinene forms a dihydrochloride and contains two 
olefine bonds; they are undoubtedly in the rings and not in 
side chains, and according to Ruzicka and Stoll (1924, 94) 
ordinary cadinene is probably a mixture of the A’-®- and A®'’- 
1:7- dimethyl - 4 - isopropylhexahydronaphthalene (see also 
Henderson and Robertson, J. C. S., 1926, 21811). 

Eudesmol, Cigllgs-OH, m,-pt. 82°-83®, from eucalyptus oil 
and selinene, C 15 H 24 , from celery-seed oil, when heated with 
sulphur according to Vestsrberg's method, yield not only 
hy^ogen sulphide but also methyl sulphide, by the loss of 
one of the original methyl groups, and hence one of the methyl 
groups is attached to a tertiary C atom, probably a C atom 
common to two rings (cf. Chap. XLIX, C.), i.e. No. 5 or 10 . 
The other product of dehydrogenation is 6-methyl-4-i8opropyl- 
naphthalene (eudalene), the structure of which again has been 
proved by direct synthesis. The formula given by Ruzicka and 
Capaio for eudesmol is l-methylene- 6 -methyl- 8 -isopropyl- 8 - 
hydroxy - decahydronaphthalene (A., 1927, 463, 62). The 
presence of the methylene group is proved by the formation 
of a ketonic group CO in position 1 after ozonolysis, and posi- 
tion 8 for the hydbroxyl group is selected since dihydroeudesmol 
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(2H added to semicyclic linkage) on ozonolysis yields a ketone 
with CO in position 8. 


TERPENES WITH A SEVEN-MEMBERED RING 

Sesquiterpenes with a seven C ring have been described 
(Helv., 1936, 858; 1937, 224). They are the compounds which 
yield the blue colouring matters, azulenes, on dehydrogenation. 
The parent azulene has been synthesized and proved to be 
a condensed seven-carbon and five-carbon system, 


S 4 9 



1 8 7 


and the azulenes obtained by dehydrogenation are the alky- 
lated derivatives, e.g. 4 : 8-dimethyl-2-i9opropyl- and 1 : 4- 
dimethyl-7 -isopropyl -azulenes. 

It has been suggested that a-carophyllene from clove oil 
may contain a seven-membered ring condensed with a 4 carbon 
ring. It would have Me 2 in either 1 or 2, an isopropenyl in 7, 
and a double link in 4 (C. and I., 1938, 123). 


8 



T 


G. Triterpenes 

Several complex natural products are regarded as derived 
from the triterpenes, CgoH^g (cf. J. C. 8., 1937, 989; 1938, 1233). 
Many on dehydrogenation give alkylated phenanthrenes. 

The hydrocarbon saualene^ CgoHgQ, present in large amounts 
in the unsaponifiable fractions of certain fish oils (cf. Chap. 
LV, Dl) is a dihydrotriterpene and is probably (CMcgtCH* 
CH 2 -CH 2 -CMe:CH CH 2 CH 2 -CMe:CH CH 2 ) 2 , as it is one of the 
products formed by the action of activated magnesium on 
famesyl bromide (tMs Chap., F,; cf. Helv., 1931, 78). 
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The structural formulas for most of the terpenea and seaqiii- 
ter])erios, whether of the open-chain, monocyclic or dicyclic 
types, are in complete harmony with the view that these 
compounds are polymerized isoprene, e.g.; 


Cadalt^no 

type 


on, 

1 



CH, 

CH CHji 

C CH, 
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LVIII. ALKALOIDS ♦ 

For many years this group comprised aU nitrogenous basic 
compounds derived from plant tissues, e.g. methylamine, 
betaine, asparagin, caffeine, but as the structures of such com- 
pounds were elucidated they were placed in their correct 
groups, and the alkaloids now include only those relatively 
complex cyclic bases containing the pyrrole, pyridine, quino- 
line, isoquinoline, phenanthrene and similar skeletons. 

They form an extremely important group of compounds 
of pronounced physiological activity, and constitute the 
active principles of the common vegetable drugs and poisons. 

With a single exception they occur exclusively in dicotyle- 
dons, and as a rule do not exist in the free state, but combined 
with organic acids in the form of salts. Such acids are malic 
(p. 283), citric (p. 298), and tannic (p. 528) ; quinic acid usually 
accompanies the alkaloids of opium. 

A few of the alkaloids are built up of carbon, hydrogen, and 
nitrogen, e.g. coniine, nicotine. Such compounds as a rule are 
liqui<^ and are readily volatile; the majority, on the other 

• The Plant AlkalaidSt Henry, 3rd Edition, London, 1939. For early 
hiitory cf« Wuett, C. and I., 1937, 1084. 
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hand, also contain oxygen, and then are usually crystalline 
and non-volatile. All are optically active, and as a rule Isevo- 
rotatory. A few like coniine are secondary bases, but the 
majority are tertiary, and a few are quaternary ammonium 
compounds. 

The following reagents as a rule precipitate the alkaloids in 
the form of complex derivatives from solutions of their salts, 
viz. tannin, phosphomolybdic acid, a potassium iodide solution 
of iodine, and also potassium mercuric iodide. They are 
further characterized by their bitter astringent taste and by 
their poisonous properties. Each individual alkaloid gives 
characteristic colour reactions. 

The alkaloids are usually extracted from plant tissues by 
lixiviating the finely-divided tissue with acidified water. The 
extract is then rendered alkaline with ammonia and the free 
alkaloid separated by filtration, or, if it is at all readily soluble, 
by extraction with chloroform. 

Among the reactions made use of in elucidating the structure 
are; 

1. Determination of the number of free hydroxyl groups by 
acetylation (cf, p. 233). Thus morphine can be shown to con- 
tain two, codeine one, and papaverine none. 

2. Determination of methoxy, OMe, groups by ZeiseVs 
method or Perkin's modification. Determination of NMe, 
methylimino, groups by heating the hydriodide at 300° and 
estimating the CPI3I eliminated (Herzig and Meyer). 

3. Study of the action of hydrolysing agents. Esters are 
hydrolysed, but most other types of linking are resistant to 
such agents. Narcotine (p, 1008) yields opianic acid and hydro- 
cotamine, and is presumably an ester derived from these two 
compounds. Similarly, atropine (p. 1014) on hydrolysis yields 
tropic acid and tropine. As the products of hydrolysis are 
simpler than the original alkaloid, the elucidation of their 
constitutions is less difficult. 

4. Examination of the products of oiddation. Thus codeine 
contains a secondary alcoholic group, as on oxidation it yields 
a ketone, codeinone, containing the same number of carbon 
atoms. Coniine when oxidized jrields picolinic acid, and must 
thus be an a-substituted derivative of pyridine. Cinchonine 
yields quinoline-y-carboxylio acid. 

5. Determination of the primary, secondary, tertiary, ox 
quaternary nature of the base. 
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6. Study of the degradation products obtained by exhaus- 
tive methylation. As an example of this method the simple 
secondary amine piperidine may be taken. When methylated 
by means of methyl iodide it yields first the tertiary amine 
methylpiperidine, and finally the quaternary ammonium iodide 
dimethylpiperidonium iodide. This with moist silver oxide 
yields the quaternary base, which on distillation decomposes 
into water and an unsaturated aliphatic tertiary amine ; 

y-CIf2’CH2V 

CH/ >NMe, OH -^,0 + CH, : CHdlj CHg CHa NMe,. 

When treated with methyl iodide and then with silver oxide 
this unsatu rated base yields a quaternary hydroxide, which 
splits up into water, trimethylamine, and A*®-pendadiene when 
distilled : 

CHj : CHCHa-CHj-CHjNMeaOH 

- HgO + NMeg + CHjICH CIVCH.-CH,. 

7. An examination of the products obtained by fusing the 
alkaloid with potash or by distilling it with zinc dust. Thus 
morphine and zinc dust yield phenanthrene together with 
other products, and hence the molecule of morphine probably 
contains a phenanthrene ring. Papaverine, when fused with 
potash, yields dimethoxy-iso-quinoline and 3 : 4-dimethoxy- 
toluene, and hence papaverine is probably an iso-quinoline 
derivative. The processes of fusion with potash and distilla- 
tion with zinc dust require high temperatures, and as molecular 
rearrangements occur much more readily at high than at low 
temperatures, the conclusions drawn from a study of the 
products formed during such processes should be accepted 
with a certain amount of reserve unless supported by other 
evidence. 

The alkaloids may be grouped according to their origin, e.g, 
the opium alkaloids, bases from solanine, &c., or according to 
the heterocyclic ring which they contain. The latter method 
is adopted here. 

Many of the alkaloids are extremely complex, and several, 
e.g. quinine and strychnine, have so far not been synthesized in 
the laboratory. The function of such complex nitre^enous 
compounds in the plant system and the manner in which the 
complexes are built up in the tissue are problems which have 
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aroused much interest. Robinson in “ A Theory of the 
Mechanism of the Phytochemical Synthesis of certain 
Alkaloids ” (J. C. S., 1917, 876) has suggested probable methods 
of formation. The two main reactions which bring about union 
between carbon and carbon are (1) the aldol condensation 
(p. 154) of aldehydes, and (2) the condensation of an aldehyde 
or ketone with ammonia or an amine to a carbinol-amine, 
>0(OH)-N<, and the reaction of this with substances con- 
taining the group >CH-CO — , e.g. : 

-CH OH * -CH CHjj CO CHj 

I CHa-CO CHj, -> j -f H/). 

-CHa-NMe 


Reactions of this type require no condensing agent, and 
proceed almost to completion in aqueous solution at the 
ordinary temperature. The important starting-points are 
ammonia, formaldehyde, ornithine (arginine), and lysine (pp. 
251 and 1211), and degradation products of carbohydrates, 
more particularly citric acid, which can give rise to acetone- 
dicarboxylic acid on oxidation, and this supplies the acetone 
complex. 

Thus lysine, NH2CH2-CH2*CH2;CH2*CH(NH2)-C0JI, with 
formaldehyde undergoes methylation and oxidation, giving 
NHMe-CHa-CHg-CHg CH. O, which with more formaldehyde 


produces MeN^ 


/CH,- 


-CH, 


N:!n, 




\:!H(oh)CH2^ 
CH, CH, 


and this with acetone 


yields MeN<^ ^CHg, the alkaloid methyl- 

\CH(CH2*C0Me)-CH2'^ 

pelletierine of the pomegranate trees. 

Similarly, tropinone (p. 1015) from 1 : 4-dianiinovaleric acid 
(ornithine). By combined methylation and oxidation this can 
yield succindialdehyde and methylamine, which can undergo 


condensation to 


CH2-CH(0H)^ 

i 


!H2-CH(0H) 




:NMe. This product readily 


condenses with acetonedicarboxylic acid yielding: 


CH,CH — CILCO»H 

intf© lo 

OTjiiH— inco.H, 
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which by loss of carbon dioxide giv^es: 

CHj OH — (Ui, 

I i 

NMo CO 

I I 

CHj OH - (‘H2, 

tropinone. By similar processes the formation of many alka- 
loids and derivatives of pyrrolidine, piperidine, quinoline, iso- 
quinoline, related to the alkaloids, can be explained. 


A. Alkaloids with Condensed Pyrrole and 
Benzene Nuclei 

Phytostigmine or eserine, C 16 H 21 O 2 N 3 , present in Calabar 
Beaus, melts at 105"" -106°, has been shown by Stedrnan and 
Barger (J, C. S., 1925, 247) to have the structure I, i.e. one ben- 
zene and two N-methylpyrrolidine rings condensed. It is a 
di tertiary base, and is the ester formed from a phenolic OH 
and methyl carbamic acid. It has been synthesized by Julian 
and Pikl (J. A. C. S., 1935, 765): 

Me 

MeNHCOO— 

1 

Me Me 

and has pronounced myopic properties due to its power to 
inhibit the hydrolysis of acetyl-cholin (Chap. LXVIII, B.) by 
cholin esterase. It resembles pilocarpin in producing powerfiil 
contraction of the intestine. 

B. Alkaloids derived from Pyridine 

1. Coniine, dextro-rotatory a -normal -propyl -piperidine, 
C 5 HiqN(C 8 H 7 ), is the poisonous principle of hemlock (Conium 
maciuatum). It is a colourless dextro-rotatory liquid of stupe- 
fying odour, sparingly soluble in water, and boils at 167°. 
Hydriodio acid at a high temperature reduces it to normal 
octane, while nitric acid oxidizes it to butyric acid, and potas- 
sium permanganate to picolinic acid (hence the a-position). 

(1 4 S 0 ) 33 * 
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Ladenburg has prepared it synthetically by reducing a»allyl- 
pyridine (p. 087) with sodium and alcohol: 

CjH 4N(C8H,) + 8H - CsHioN{CH, CH,*CH,). 


The pyridine ring is reduced to a piperidine ring, and the 
unsaturated allyl side-chain is reduced to an n-propyl group. 
The a-carbon atom is an asymmetric carbon atom, and hence 
the whole molecule is dissymmetric. The synthetical product 
is optically inactive, but it has been resolved by fractional 
crystallization of the d-tartrate. The relations of these two 
bases to one another and to the inactive modification are the 
same as those of d-, I- and dZ-lactic acids. 

2. Alkaloids derived from pyridine are present in areca 
nut ; these are gavadnet or 1 : 2 : 5 : 6-tetrahydropyridine-3-car- 
boxylic acid, which has been synthesized by WoM andLosanitsch, 
1908; guvacoline, the corresponding methyl ester; arecaine, 
or arecaidine, the N-methyl derivative of guvacine; and 
arecoline, the methyl ester of arecaidine (B., 1919, 206). 

3. Bidnine, CgH302N2, an alkaloid from the castor-bean, 
is l-methyl-2-keto-3-cyano-4-methoxy-A'-dihydropyridine and 
has been synthesized by Spath and KoUer (B., 1923, 2454). 

4. Niootiney C10H14N2, is the poisonous constituent of the 
tobacco plant, in which it exists in combination with malic 
and citric acids. It is a colourless, oily liquid soluble in water, 
and is tevo-rotatory. It has b.-pt. 247° and rapidly oxidizes in 
contact with the air. It is a di-tertiary base, as it combines 
with methyl iodide, yielding two isomeric quaternary salts. 
On oxidation with permanganate it yields nicotinic acid^ and 
hence must be a jS-pyridine derivative. These reactions, com- 
bined with its synthesis {Pictet, C. R., 1903, 187, 860), prove 
it to be a-pyridyl-N-methyl-pyrrolidine (Formula V). 

Pictet^ 8 synthesis is of historical interest, but involves the 
use of high temperatures, and hence details of structure 
must be accepted with reserve. 

A simpler synthesis by Spdth and Bretschndder (B., 1928, 
327) is as follows: Ethyl pyridine-3-carboxylate (ethyl nico- 
tinate) (I): 


( 1 ) 



•00»Bt 


+ 


'"Uok 

\/ 


NMe 


->(in) 



.oo cH-ai. ^ 
COCH, 
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condenses with l-methyl-2-pyTrolidone (II) in the presence of 
sodium ethoxide yielding the compound III, which with 
fuming hydrochloric acid yields the aminoketone C 5 H 4 N*C 0 * 
CHsj-CHa CH.-NHMe by hydrolysis and loss of CO^. The 
ketone reduced with zinc dust and alkali yields the correspond- 
ing secondary alcohol, and this reacts with fuming hydriodic 
acid yielding the iodide (IV), from which di-nicotine is formed 
by the action of alkalis entailing the loss of hydrogen iodide 
and the closing of the pyrrolidine ring. 


IV 




-CHI{CH,)aNHMe 


N 


N 


CHaOH* 

I I 

-CH (;Hj5 

/" 

NMe 


5. Ittyosmine, is also present in tobacco and has 

been synthesized; it is a pyridyl-a-dihydropyrrole (VI). The 
synthesis is as follows : 


I I 

CO CH, 


N 



^ CH- CH, 

io CHj 

\/ 

NBz 


H or HCl 
pressure 


-CO CH CH, ^ 

- CO, and H,0 



VI 


6. Piperine (p. 688), piperic acid piperidide, can be synthe- 
sized from piperoyl chloride and piperidine. It melts at 128°, is 
present in the fruits of different species of pepper, and on 
hydrolysis yields piperidine and piperic acid (p. 533). 

ch/ >ncoch : CHCH : cH'C,h,{0,ch,). 

For synthesis of piperic acid see Lcdenburg and SchoUz, 
B., 189i, 1958. 

7. The alkaloid lianniiie, from the seeds of Pegmum hartnala, 
according to Perkin and Robinson (J. C. S., 1919, 933, 971; 
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1921, 1602; 1922, 1872), contains condensed benzene, pyrrole 
and pyridine nuclei and is represented by the formula: 



Me 


8. Norlupinane, a degradation product of lupinine, 

an alkaloid from lupin seeds {Clemo and others, J. C. S., 1931, 
437, 3190), has been synthesized by ring closure of l-w-bromo- 
butyl-piperidine (ibid. 1935, 1743): 


O —CH, CH,CH,CH,Br 
NH 



C. Bases derived from Quinoline 

Among these are the alkaloids present in Cinchona barks. 

(a) Quinine, C20H24O2N2 + 3H2O, a diacid base of intensely 
bitter taste and alkaline reaction, of which the sulphate and 
chloride are universally used as febrifuges. It crystallizes 
in prisms or silky glistening needles, melts at 177° when 
anhydrous, is sparingly soluble in water, and is leevo-rotatory. 
Dilute solutions of its salts show a brilliant blue fluorescence. 

As a base quinine is a tertiary diamine, but it contains in 
addition — as its reactions show — one hydroxy-, one methoxy- 
group and an ethylene linking, and seems to be built up of 
two different ring systems: 

(CH,0)C,H5N*CmH„(OH)N. 

The first of these represents the radical of a 6-methoxy- 
quinoline, and this compound is obtained when quinine is 
fused with potash. The second system probably possesses a 
ring similar to that of tropine, since it yields as decomposition 
products sometimes a pyridine derivative (e.g. ^-ethyl-pyridine 
on fusion with alkali), and sometimes benzene derivatives 
containing no nitrogen (e.g. a phenolic compound, C^oHjgOH, 
together with ammonia, on successive treatment with phos- 
phorus pentachloride, potash, and hydrobromic acid). 

It yields quinic acid, 6-methoxy-quinoline-4-carboxylio acid, 
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Cj,H 5N(0CH3)C02H (p. 696), and meroquinene when oxidized 
with di chromate mixture, 

Meroquinene appears to be 3-vinyipiperidyl-4-acetic acid (B., 


1897, 1326), COjH-CHj CK 


^CH(CH:CH2)-CH2^ 

-crX 




iNH, as it 


i2 V/XX2 

yields first cincholoiponic acid (3'Carboxypiperidyl-4-acetic 
acid), and finally loi'ponic add (piperidine-3 : 4-dicarboxylic 
acid), when oxidized with permanganate. 

The formula for quinine is that of combined quinoline and 
quinuclidine nuclei {Robe) 

N cn, 


CH.O-, 


(i) ;< 

HO CH~ C'H\ ^ o 


CU,- 



\ (1) 

CUCHICH, 

^ / 

CH 

(30 


Both quinine and qinchonine when oxidized yield ketones 
containing the same number of C atoms. When heated with 
acetic acid the two alkaloids yield isomeric products known 
respectively as quinotoxine and cinchotoxine on account of 
their poisonous properties. These bases are ketones and 
secondary bases, and are formed by the conversion of the 
CH(OH) group into CO and the rupture between the N atom 
and the C atom of the adjacent CH group, as indicated by 
the dotted line. Hydroquinine has been synthesized by Rabe 
and others (B., 1919, 1842; 1931, 2487). 

Quinine is a valuable drug in cases of malaria; numerous 
substitutes are now employed, especially quinine derivatives 
devoid of bitter taste. The esters derived from the alcoholic 
OH group— diquinine carbonate; evquinine, ethyl 
quinine carbonate; and saloquminCy quinine salicylate — are 
used (cf. LXV, K.). 

The molecule of quinine contains four centres of dissym- 
metry, viz. the carbon atoms numbered 1 to 4 in the formula, 
hence several stereo-isomeric forms are possible; one of these 
is the alkaloid i-quinidine which occurs in opium. The four 
known forms are quinine, epiquinine, quinidine and epiquini- 
dine, with the meltmg-points 177®, oil, 168® and 113®. The last 
three are dextrorotatory, whereas quinine is l®vo. According 
to Rabe (A., 1932, 492» 242) the optical signs of carbon atoms 
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3 and 4 are rcBpec lively - — h , I 4 and 4 — in the 

four forms. On the other hand, in all the natural o[uun) 
alkaloids carbon atom 3 has the same signs as 4, viz. quinine, 
quinidine, cinchonine and cinchonidine. 

(b) Cinohoniiie, CJ 9 H 22 ON 2 , is similar to quinine, but with- 
out the methoxy group in the quinoline nucleus. It crystal- 
lizes in colourless prisms, sublimes readily, and is not so active 
a febrifuge as quinine. When oxidized with dichromate and 
sulphuric acid it yields cinchoninic (quinoline-4-carboxylic) 
acid and meroquinene; with permanganate it yields cincho- 
tenine and carbonic acid, Cinchotenine no longer combines 
with hydrogen chloride, and in the oxidation the double link- 
ing present in cinchonine has been removed and a carboxylic 
group introduced. When treated with PCl^ and then with 
alcoholic potash, cinchonine loses a molecule of water, yielding 
cinchene, Ci^IIgoNj, which can be hydrolysed by 25 per cent 
phosphoric acid to lepidine (4-methyl-quinoline) and mero- 
quinene. It has very little therapeutic value. 

These are but a few of the numerous alkaloids present in 
these barks. In addition, organic acids (e.g. quinic and quino- 
tannic) and neutral substances are also present. 

D. Bases derived from f^a-Quinoline 

1. Papaverine, C 20 H 21 O 4 N (Merck, 1848), is found (1 per 
cent) together with narcotine, narceine, laudanosine, lauda- 
nine, and the morphine alkaloids in opium, the soUd obtained 
by drying the juices extracted from the unripe seed vessels of 
Papaver somnifertm. In addition to some twenty alkaloids, 
many of which are present in only small quantities, opium also 
contains fats, resins, sugars, albumins, &o. llie alkaloid 
crystallizes in prisms, m.-pt. 147®, and is optically inactive. 
It has hypnotic properties, but not to the same extent as 
morphine. It is a tertiary base, and all four oxygen atoms are 
present as methoxy groups, and when hydrolysed with hy- 
dxiodic add the corresponding tetrahydroxy-derivative, papa- 
veroliney is formed. When oxidized with perman* 

ganate it yields first papaveraldme, and finally 

6 ; T-diinethoxy-iso-quinoline-carboxylic acid and a-carbo- 
cinohomeronic acid (pyridine- 2 : 3 : 4-tricarboxylic acid). When 

* Opium, J. R. NIdbob, Inst. C. Ledtuie, ISIS* 
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fused with potash it takes up two hydrogen atoms, and yields 
6:7- dimethoxy - iso - quinoline and 3:4- dimethoxy - toluene . 
When reduced, the N ring adds on 4 H atoms. 

From these and other reactions G, Goldschmidt concluded that 
the base is 3' : H -dimethoxyhenzyl’-^ : 1 -dimethoxy -iso-quinoliTie: 


4 



and this formula has been confirmed by Pictet and Gams' syn- 
thesis (C. K., 1909, 149, 210) by the following steps: 

(а) Cjr 4 (OMc), C„H,(OMe),COCH, (4) 

Vcratrole or Priedel- Acetoveratrone 

1 : 2-dimcthoxy benzene Crafts' 

C«H,(OMe),COCH ! NOH 

Amyl nitrite Isonitrosoacetoveratrone 

CeH8(OMe)aCOCH,NHjHCl 
SnClt Amino-acetoveratronc hydrochloride 

(б) (’l‘lO C«H3(OMe)OH C110 ('«H3(0Me), 

Vanillin methylated Methylvanillin 

0,H,(OMe),CH(OH)CN C,H,(OMe),-CH(OH)CO,H 

HCN hydrolysis 

C.H3(0H), CH, CO.H -> C.H,(OMe), CH, CO,H 

HI Homoprotocatcchutc acid methylated Homoveratric acid 

-4- C*H,(OMe)g*CH,COCI 

Homovcratroyl chloride 

(c) Amino-acetoveratrone hydrochloride and homovcratroyl 
chloride condense in the presence of cold potassium hydroxide, 
pelding (OMe)jCeHj-CO-CHj-NH-CK)-CH,-C«Hj(OMe) 2 ; this can 
be reduced to the corresponding secondary alcohol which 
reacts with dehydrating agents, losing two molecules of water 
and forming 3' : 4' - ^methoxybenzyl -6:7- dimethoxy - iso - 
quinoline, which is identical with papaverine. 

2. Laudanosiiie, C^H^O^y crystallixea in needles, m.-pt. 
89®, and is dextro-rotatory. It has been shown by Pictet and 
Athanescu (B., 1900, 2346) to be an N-methyl-tetra-hydropapa- 
verine, and has been synthesized by Pictet and Finkdstdn 
(C. R., 1909, 148 , 295). 

3« Xkudaiidoii is the 3-hydroxy-4-methoxybenzyl compound 
corresponding with laudanosine (3 : 4-dimethoxyb6nzyl-) (M., 
1921, 273), 
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4 . Hydroootamine» obtained from opium, but probably 
formed from other alkaloids during extraction, is N-methyl-6 : 7- 
methylenedioxy-tetrahydro-isoquinoline (Formula II, below). 
Cotarnine, on the other hand, is 4 : b-methylenedioxy-benz- 
aldehyde with the group -GHj-CHg-NIIMe in position 2 and 
readily forms hydrocotarnine by internal condensation. 

5. Narceine (Pelletier^ 1832), also present in opium, is cotar- 
nine with •CH2*C0*CeH2(^Me)2*C02H in place of -CHO and 
NMcg in place of -NHMe. 

6. Narcotine, C22H23O7N, occurs in opium (6 per cent), 
crystallizes in colourless needles, m.-pt. 176®, and is laevo- 
rotatory. It is a feeble tertiary base, and its salts are readily 
hydrolysed by water. It contains three methoxy groups, 
and when hydrolysed by dilute acids or alkalis yields opianic 
acid and hydrocotarnine. When reduced it yields meconine 
and hydrocotarnine, and when oxidized yields opianic acid 
and cotarnine, and when heated with alkalis at 220® yields 
methylamines, thus indicating that the N-atom is methy- 
lated (Formula I). 

The dJ-compound (called gnoscopine) has been synthesized 
in small quantities {Perkin and Robinson, J. C. 8., 1911, 776) 
by boiling an alcoholic solution of cotarnine and meconine, 
and has been resolved by means of d-bromo-camphor-sul- 
phonic acid. 

. n Hydrocotarnine, 



Both meconine (VI, p. 1009), the lactone of 6-hydroxymethyl- 
2 : 3-dimethoxybenzoic acid, and cotarnine have been synthe- 
sized. The former by FriUch (A., 801, 362) and the latter by 
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Salxvay (J. C. 8., 1910, 1208), and also by Decker and Becker 
(A., 1913, 806, 328). 

The structural formula III or a cyclic structure correspond- 
ing with hydrocotamine was deduced by Roser for cotar- 
riine by a study of its degradation products. When methylated 
and decomposed by alkalis it yields trimethylamine and an 
aldehyde, cotarnone, C^HgOa'CHO, which on further oxidation 
gives a methoxy-dibasic acid, known as cotarnic acid, and this 
with hydriodic acid and phosphorus at 160° jdelds gallic acid 
(3:4: 5-trihydroxybenzoic acid). 

Cotarnic acid is 3-methoxy-4 : 5-methylenedioxyphthalic 
acid, and cotarnone 6-vinyl-3-methoxy-4 : 6-methylenedioxy- 
benzaldehyde. 

The steps in Salway^s synthesis of cotarnine are: Myristic 
aldehyde (3-methoxy-4 : 5-methylenedioxy-benzaldehyde) -> 3- 

Perkin's synthesis 

methoxy-4 : 5-methylenedioxy-cinnamic acid corresponding 

red 

di hydro acid -> acid amide j8-3-methoxy-4 : 5-methylene- 

Hofmann reaction 

*dioxy-phenylethylamine phenacetyl-derivative of amine 
-> 8-methoxy-6 : 7-methylenedioxy-l -benzyl-3 : 4-dihydro-i80- 
quinoline -> benzylhydrocotamine cotarnine. 

Methochloridc HtSO* 

with tin and 1 ICl -f 

F ritscKs synthesis of meconine consists in condensing chloral 
with the ester of 2 : 3-dimethoxybenzoic acid, hydrolysing the 
product (IV) to the hydroxy dibasic acid (V), and, finally, 
eliminating COg and HgO by heating the dibasic acid and 
obtaining the lactone, meconine (VI): 


(IV) C.H,(OMe),< 


yCOfH yCO V 

(V) CgH,{OMe)/ (VI) C,H,{OMe)a< >0. 

\CH(OH)CO,H. \CH/ 


7, Hydrastine, CjjHaO^N, occurs in the roots of Hydrastis 
camidemis, and differs from narcotine by having no methoxy 
group in the iso-quinoline rii^. When oxidized it yields opianic 
acid and hydrastinine, which is the analogue of cotarnine 
(synthesis of hydrastinine, cf. FrUsch, A., 1895, 286, 18). 

8. Ihnetine, oephaeline monomethyl ether, C 89 H 4 <) 04 N 2 , and 
cephaeiine are alkaloids present in ipecacuanha, and appear 
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to be derived from iso-quinoline, as 6 : T-dimethoxy-iso-quin- 
oline-1 -carboxylic acid is found among their oxidation pro- 
ducts. The former is largely used for the cure of amoebic 
dysentery. For structure see Brindley -Py man (J. C. 8., 1927, 
1067). 

For absorption spectra of iso-quinoline alkaloids cf. Bobbie 
and Fox, J. C. S., 1914, 1639. 


E. Bases with two Condensed Quinoline 
Residues 

1. The alkaloids from Berheris vulgaris and Calumba root 
(Jateorhiza Calumba) from East Africa are derivatives of con- 
densed iso-quinoline residues with the skeleton: 


4 » 



Three bases are: (1) Palmatine with four methoxy groups in 
positions 2:3:9:10. (2) Jatrorrhizine with a free hydroxyl in 
position 1, in addition to the four methoxy groups. (3) Colttm- 
banune isomeric with (2) has the free hydroxyl in position 2. 
All three have a double link between carbons numbered 13 
and 14 and also between N (7) and carbon numbered 8, so 
that they are ammonium bases. Closely related is Berberine« 
from Hydrastis canadensis, which has OgCH, in place of the 
two methoxy groups in positions 2 and 3 in palmatine. It is 
readily converted into the latter by hydrolysing to the tetra- 
hydroxy compound and then methylating (B., 1925, 2267). 
The structure of these bases was determined by Feist and 
Sandstede, Arch. Pharm., 1918, 2561, and Spdth and Durchinsky 
(B., 1926, 1939; 1927, 383). For synthesis -of tetrahydro- 
berberine cf. J, C, 8., 1925, 740; 1927, 548. 

2. CoqrdaUne, C|||Hyr 04 N, from Corydalis cam, erystalliees 
in prisms, m.-pt. 134*5^, and contains four methoxy groups. 
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The formula given below by Koe'pjli and Perkin (J. C. S., 1928, 
2989) difiers slightly from that suggested by Dobhie and 
Lauder (1903, 605), and representa it with the skeleton given 
above, with the methoxy groups in positions 2:3:9:10 and a 
methyl group at 13, but no double link between 13 and 14. 

F. Bases with a Benzene, a Pyrimidine and 
a Pyrrolidine Ring 

Peganine or vasicine, CnHi^ONg, from Peganum hannala^ 
is la3Vo-rotatory, and is readily synthesized by condensing o- 
aminobenzylamine with y-lactone of 2 : 4-dihydroxy butyric 
acid at 200° (B., 1936, 255). 



The same base can also be prepared by the condensation 
of o-aminobenzaldehyde, allylamine and formaldehyde at 
25° with a of 4*^5’2 and oxidation of the intermediate 
XH:N(0H)CH2CH:CH2 

product 1 (A., 1936, 623. 1). 

\nhch, 

G. Bases from Phenanthrene 

The alkaloids morphine, codeine, thebaine and neopine 
are characterized by containing a phenanthrene nucleus in 
addition to a nitrogen ring, as in structure I. Where the phen- 
anthrene skeleton is represented by C atoms 1-10, in addition 
there is an oxygen bridge between C atoms 4 and 5 and a 
•CHj’CH^i’NMe* between carbons 13 and 9 with the N attached 
to No 9. The skeleton thus contains a reduced iso-quinoline 
ring in addition to the phenanthrene structure. 



10 i 
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Morphine has two OH groups in positions 3 and 6, and a 
double link in 6:7. Codeine is morphine monomethyl ether 
with OMe in position 3, and neopine is the isomeric mono- 
methyl ether with OMe in position 3, and a double bond in 
position 8 : 14 (Robinson and others, J. C. S., 1926, 903), and 
thebaine is morphine dimethyl ether. 

1. Morphine {Sertiimer, 1805), C17H19O3N, constitutes on 
the average 10 per cent of opium. It crystallizes in small 
prisms (*f-H20), melting and decomposing at 230°, has a bitter 
taste, and is a valuable soporific. It is a mono-acid tertiary 
base, containing two hydroxyl groups, one of which is phenolic 
and the second alcoholic. When distilled with zinc dust it 
yields phenanthrene together with pyrrole, pyridine, and 
trimethylamine. Further proof of the presence of the phenan- 
threne nucleus has been afforded by the process of exhaustive 
methylation. With methyl iodide it 3delds codeine methiodide, 
formed by the methylation of the phenolic hydroxyl group 
and addition of methyl iodide to the tertiary N-atom. This 
product, with potassium hydroxide, loses hydrogen iodide 
and yields a tertiary base, methylmm'phimethiney which with 
acetic anhydride gives 3-methoxy-4-hydroxy-phenanthrene 
(methylmorphol) and hydroxyethyldimethylamine, OH'CH,* 
CH2‘NMe2. The constitutional formula given above is due to 
Gulland and Robinson (J. C. 8., 1923, 980, cf. also 1926, 909), 
and Mem. Man. P. S., 1925), who give evidence for the double 
bond in position 6 : 7. Hydrochloric acid at 140°~150° con- 
verts morphine into apomorphine; the change is accompanied 
by the fission of the 0 ring and the formation of OH in position 
4, and also the change in the ’GHj^CHa-NMe* bridge, so that 
the CHj end becomes attached to C atom No. 8 instead of 13. 


7 



s 


For general discussion cf . Fieser, “ Natural Products related 
to Phenanthrene 1936. 

2. Codeine* CigHgiOaN, is a methyl derivative of morphine, 
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and can be obtained from the latter by methylation of its 
phenolic group. When oxidized it jrields the ketone codeinone, 
and this with acetic anhydride yields hydroxyethyl-methyl- 
amino and 3“methoxy>4 : 6-dihydroxy-phenanthrene. 

Numerous alkyl derivatives of morphine are manufactured 
and used as drugs in place of codeine. Dionine is ethylmor- 
phine hydrochloride, peronine is benzylmorphine hydrochloride, 
heroin is diacetylmorphine. 

For synthetical products allied to morphine see Knorfy A., 
301, 1; 307, 171, 187; B., 1899, 732. 

H. Bases with a Ten-membered Ring 

Cryptopine, C21H23O5N, and Protopine, CgoHi^OjN, are 
present in small amounts in opium, and Perkin (J. C. S., 1916, 
815) suggests the formula containing a ten-membered ring 
(IN + 9C) condensed with two benzene nuclei for cryptopine, 
which cannot be resolved into optically active modifications. 



L Bases with a Cycle -pentenophenanthrene 
Nucleus 

Certain alkaloids from species of solanum when subjected 
to selenium dehydrogenation yield methyl-cyclopenteno* 
phenanthrene — Dvd^s hydrocarbon — and hence are closely 
allied to the sterols and bile acids (Chap. LXII). 

The eyes and shoots of potatoes contain a glycoside solanine, 
which on hydrolysis yields the alkaloid soli^dine, C„H„ON, 
to which Clemo and others (J. C. S., 1936, 1299) give a struo- 
tnre based on that of the sterols (Chap. LXII, A) with OH in 
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3, double link in 5 : 6, and the following side chain attached to 

®»No. 17: OH,— N CH, 

CH CHMe 


CHj CH, 

The S. African winter cherry (Solanum pseudocafsicum) gives 
an alkaloid solanocapsidine, C 26 H 4204 N 2 * which also gives 
DieVs hydrocarbon on dehydrogenation {ibid, 1537). For 
Solanidine, F, cf. B., 1936, 811. 


J. Bases with Two Condensed Pyrrolidine 
Rings with — CH NMe CH— in common 

Atropine and hyoscyamine are isomeric bases of the for- 
mula C 17 H 23 O 3 N, which can be respectively prepared from 
Atropa Belladonna (Deadly Nightshade) and Datura Stra- 
monium, and which are remarkable for their mydriatic action 
(power of dilating the pupil of the eye). 

Atropine crystallizes in colourless prisms or needles melting 
at 115®, possesses an extremely bitter taste, is opticaUy in- 
active, and is hydrolysed by baryta water to di-tropic acid 
(a -phenyl-jS- hydroxy -propionic acid, 0 HCH 2 *CHPh*C 02 H 
p. 530), and tropine, CgHi 50 N, and is therefore the tropic ester 
of tropine. The alkaloid can be synthesized by evaporating a 
dilute hydrochloric acid solution of tropine and tropic acid. 
A complete synthesis of atropine has been accomplished, as 
both tropic acid and tropine have been synthesized. 

When optically active (d- and Z-) tropic acids are used, a 
dextro- and a Isevo-rotatory atropine result). When other 
organic acids are employed in place of tropic acid, similar 
bases, the ^^iropdnefli”, are obtained; thus mandelic acid 
yields homatroptne, C 10 H 21 NO 3 , which exerts, like atropine, a 
mydriatic action, although a less lasting one (Ladenburg, 
A., 217 , 82; Jowett and Pyman, J. C. S., 1909, lOk)). 

Tropine itself is a cycloheptanol with a nitrogen bridge or 
two N-methylpyrrolidine rings condensed to give — CH'NMe* 
CH — in common: 

NMe CH OH <»> 
wOHjCH—CEgW 
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{Willstattef, B., 1898, 1538, 2498, 2655). For synthesis cf. 
Willstdtter, A., 1901, 817, 307; B., 1901, 129, 3163, 

It is a tertiary base, crystallizes in plates, m.-pt. 62® and 
b.-pt. 220®. 

On oxidation it yields the ketone tropinone (I) and then 
tropinic acid, or l-methyUptfrrolidine-2‘mrboxylic-b-acetic add. 
Concentrated hydrochloric acid converts it into tropidine (II), 

CH,CH— CH, 

(I) I NMe CO (II) j NMe CH 

CH^CH—CH, CHsCH—CHj^ 


an oily base distilling at 162®, and also obtainable by the 
elimination of carbon dioxide from anhydro-ecgonine. 

Tropinone is readily synthesized from succindialdehyde, 
inethylamine, and acetone, or calcium acetonedicarboxylate 
{Robinson, J. C. S., 1917, 762), For details see p. 1000. Tropine 
is formed when tropinone is reduced with zinc dust and con- 
centrated acid. It exists in two forms, tropine and the more 
stable 0-tropine, which are probably stereo-isomeric. In the 
one case the Me and OH (of the -CH-OH group) are on the 
same side of the plane of the ring and on the other the Me and 
H (of the CH-OH group on the same side). 

Ecgonine, or tropine-carboxylic add (III), 


CH,*CH— CHCO,H 


(HI) 


I NMe CH OH 
CH,CH~CH, 


CH,CH-~CHCO,CH, 
(IV) [ NMe CH O COCeH# 
CHjCH— CH* 


crystallizes with one molecule of water, and may be obtained 
by the hydrolysis of products contained in coca leaves. It 
melts at 198®, and is tevo-rotatory; and, on warming with 
alkalis, gives iso-ecgonine, which is dextro-rotatory. As an 
alcohol it forms a benzoj^l derivative, and as an acid a methyl 
ester (see Cocaine). It is synthesized by the action of carbon 
dioxide on the metallic salts derived from tropinone {Will- 
stutter and Bode, B., 1900, 411), and the reduction of the pro- 
duct with sodium amalgam in weakly alkaline solution. 

Cocaine, or benzoyl-l-ecgonine methyl ester {TV) is the active 
constituent of the coca le^ {Erythroxylon coea) ; it melts at 98®, 
is Ifisvo-rotatory, and is us^ in surgery as a local anaesthetic 
for deadening pain. It has been synthesized by benzoylating 
rad esterifying ecgonine (B., 1885, 2953). 
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Hyoscyamine, which crystallizes in needles or plates, naelt- 
ing at 109"^. It is the I form of atropine, and is readily race- 
mized to this under the influence of various alkalis (Willy 
B., 1888, 1725, 2777). In contact with water it is slowly hydro- 
lysed to 1-tropic acid and inactive tropine. 

Various substitutes for cocaine have been recommended, as 
its solutions do not keep well. Willstditer (B., 1896, 1575, 2216) 
obtained an isomeride of ecgonine by the addition of HCN 
to tropinone (1) and subsequent hydrolysis, and from this 
a-cocaine was obtained by benzoylation and esterification. 
a-Cocaine contains both C02Me and COPh groups attached to 
the same carbon atom and has no anaesthetic properties. 
a-Eucaine is a cheap substitute for cocaine prepared from 

triacetonamine, NH<^ ^CO (p. 159), by addition 

^CMe^'CH/ 

of HCN, hydrolysis, benzoylation of the hydroxy acid thus 
formed, and final methylation of the iniino and carboxylic 
groups. Its structure is : 


yCMej-CHjv 

mi&C >C(COjMc)OCOPh 


{Merling, 1897). Although more stable and less toxic than 
cocaine, it produces irritant efiects when injected, and is now 
replaced by other synthetic products (cf. Chap. LXV, I.). 

Scopolamine and hyosdne, present in Datura meteloidesy are 
the tropyl esters of scopoline, CgHjgOgN, and the former is 
the racemic form of the latter. Dihydroscopoline is related to 
tropine; it contains two hydroxyl groups in positions 6 and 7 
and none in position 3. Scopoline is the cyclic ether with 0 
uniting carbons 3 and 7, and is formed from an intermediate 
compound scopine (ether with 0 uniting carbons 6 : 7) by 
molecular rearrangement. Scopine is thus the 6 : 7 oxide of 
tropine, and is the first product formed on hydrolysing 
hyoscine. 


K. Strychnine Bases 

Strychnos mtx vomica and certain other beans contain; 
(a) Strychnine« CJ 1 H 22 O 2 N 2 . This is excessively poisonous, 
produces tetanic spasznsi crystallizes in four-aid^ prisma, 
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and yields quinoline and indole when fused with potash, 
jS-picoline when distilled with lime, and carbazole when 
heated with zinc dust. It is a mono-acid tertiary base, and 
melts at 284*^. The formula suggested by Fawcett^ Perkin and 
Robinson^ J. C. S., 1928, 3082, is 


CH, 

/X, 

H*C CH, 

I I 

N CH CH 



(6) Bradne, C23H2QO4N2, 4H2O, which crystallizes in prisms, 
and is converted into homologues of pyridine on fusion with 
potash. It is a dimethoxystrychnine with OMe in positions 
(a) and (6), 


LIX. SYNTHETIC DYES * 

Before Perkin's synthesis of the first aniline dye in 1856, 
the dyestuffs used in dye-houses belonged to the group of 
natural colours, and were prepared from vegetable and animal 
tissues, e.g. alizarin from madder, fustic from the sumach tree, 
cochineal from the cochineal insect, Coccus cacti, and lac dye as 
a by-product in the manufacture of lac from the lac irusect, 
Coccus hcca. At the present time nine-tenths of the dyes 
used in the cotton, woollen, and other industries are of syn- 
thetic origin, and are derived from coal-tar. A few natural 
dyes are still used; the most important of these are the log- 
wood dyes, used for blacks on animal fibres, and substances of 

•TTiOfM and Linatead, Synthetic Dyestuffs, London, 1938; F. M. Rowe» 
The Development the Chemistry of Commercial Synthetic Dyes (1866-1938), 
Lecture Institute of Chemistry, 1938; Fierz-Darid, K&nstliche Farbstcffe, 
1935. 
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the type of anatto and turmeric, which are used for colouring 
foodstuffs. In two cases severe competition has occurred 
between the natural dye and the same dye produced syntheti- 
cally; in the one case, alizarin, the synthetic product has 
completely replaced the natural dye, and in the other, indigo, 
the natural product has become replaced to such an extent 
that the area imder cultivation has diminished enormously. 

The number of artificial dyes is very large: in 1914 Ger- 
many produced about 900 different types of dyes; in 1936 
the number was about 2000, half of which are azo-dyes. For 
complete list to 1924 cf. Colour Index of Society of Dyers and 
Colourists. Some of the simpler of these, such as azo-dyes, 
triphenylmethane dyes, and alizarin have been referred to in 
earlier chapters. 

The extent of the synthetic dye industry can be gathered 
from the fact that in 1912 Germany produced dyestuffs to the 
value of £12,500,000, and that in the same year England used 
dyes to the value of £2,000,000, 90 per cent of which were 
imported. The total production in 1936 was 218,750 tons, of 
which Germany produced 74,000, U.S.A. 53,000, and Great 
Britain 27,000 tons. In the same year Great Britain imported 
to the value of 1-86 million pounds and exported to the value 
of 1*32 million pounds. The amounts produced in Great Britain 
have decreased since 1936. 

The more important synthetic dyestuffs can be classified as 
follows; 

A. Nitroso- and nitro-dyestuffs. 

B. Azo-dyes. 

C. Stilbene, pyrazole, and thiazole dyestuffs, 

D. Di- and triphenylmethane dyes. 

E. Xanthene dyestuffs. 

F. Acridine and Quinoline dyestuffs. 

6. Indamine and Indophenol dyestuffs. 

H. Azines, Oxazines, and Thiazines. 

I. Hydroxy-Ketone dyestuffs. 

J. Sulphide dyes. 

K. Vat dyestufe: Indigo and Indanthrenes. 

L. Phthalo-cyanins. 

The grouping is based on chemical relationships rather than 
on any similarities in dyeing properties. 
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A. Nitroso- and Nitro -dyestuffs 

A good mordant dye ia produced by the introduction of one 
or more hydroxyl groups into the molecule of an aromatic 
nitroso derivative, the chromophore being the nitroso group 
and at least one OH in the or^Ao-position. Examples are: 
Resorcine Green, 2:3: 6-trihydroxynitrosobenzene ; Fast 
Green 0, dinitroso-resorcinol; the three gambines, R = 1- 
hydroxy-2'nitro80-, Y == l-nitroso-2-hydroxy-, and B — 1- 
nitro8o-2 : 7-dihydroxy-naphthalene. They are generally 
used with an iron (ferrous) mordant forming green lakes. 
They are typical tautomeric substances, viz. o-nitrosophenol 

o-quinone monoxime. 

Examples of nitro-dyestuffs are: Picric acid (p. 480), salts 
of 2 : 4-dinitro-l-naphthol or Martins yellow, and the com- 
moner naphthol yellow S or sodium 2 : 4-dinitro-l-naphthol- 
7-sulphonate (p, 574). 

A more complex nitro-dye is Polar Yellow Brown, p-C6H4- 
[NH-C0H3(SO3Na)-NH*CeH3(NO2)2]2, best obtained by con- 
densing 2 mols. of p-nitrocldorobenzene-o-sulphonic acid with 
p-phenylenediamine, reducing the NO2 to NH^, and then 
condensing with 2 mols. of 2 : 4-dinitrochlorobenzene. 


B. Azo -dyestuffs 

The common method of preparing azo-dyes is by coupling 
a diazonirim salt with a secondary component, e.g. a phenol 
or an amine, but a few are prepared by other methods. Di- 
azotization of the base is rendered diflScult by negative groups 
adjacent to the amino group, e.g. o-nitraniline, and negative 
groups in the secondary component diminish the rate of 
coupling {Meyer, B., 1914, 1741). The introduction of a p- 
nitro group into the amine yields a diazonium salt which 
couples readily. 

Several views have been expressed regarding the mechanism 
of coupling: 

1. Dimraih (1907) suggests that with the alkali salt of a 
phenol the reason is: 

R-N:N E NJN R-N:N O CeH^ K N: N C,H4 0H. 

61 6C.H4 
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2. Avwers and Michaelis BUggest the formation of an oxo- 
niiini (or ammonium salt) which gives the dye on elimination 
of water and rearrangement (B., 1914, 128(), cf. Karrer, 1915, 
1398): 

H 

R Nj OH + Ph OH -> Ph O. OH 

3. As diazonium salts react with butadienes and with 
mesitylene, Meyer (1919, 1488; 1921, 2265) claims that amino 
and hydroxy groups are not essential, and suggests the addi- 
tion of the diazonium hydroxide to a conjugated chain of 
carbon atoms. 


1. MONOAZO DYESTUFFS 

The coupling of the diazonium salt with an alkaline solution 
of a phenol takes place more readily than with an acid solu- 
tion of an amine. In the former case, however, a large excess 
of caustic soda has to be avoided, as this tends to transform 
the diazonium salt into an isodiazo hydroxide (p. 453), which 
does not couple with the phenol. The usual practice is to add 
sufficient caustic soda solution to the phenol to transform it 
into its alkali salt, and then to use sodium carbonate for 
neutralizing the hydrochloric acid formed during the coupling. 
When coupling with an amine dissolved in hydrochloric acid, 
sodium acetate is sometimes added during the reaction in 
order to react with the mineral acid and liberate the feebler 
acetic acid. 

As already stated, the azo-group enters the para-position 
relative to the hydroxyl, amino, or substituted amino group; 
if, however, the para-position is already occupied, the entrant 
group takes up the ortho-position. If neither ortho- nor para- 
position is free, coupling does not occur, unless the azo-^oup 
is capable of displacing the para substituent. With dihydroxy 
or diamino derivatives of benzene coupling takes place readily 
when the two groups are in meta-position, thus resorcinol, 
m-phenylenediamine, and w-toluylenediamine readily couple 
with diazonium salts. In the case of resorcinol the azo-groups 
can be introduced in stages; the first N^Ph group takes up 
position 4, the second position 6, and the third position 2. 

As the number of azo-groups is increased the shade of the 
dyestuff is deepened, and at ^e same time coupling becomes 
more difficult. 
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The azo-dyes derived from naphthalene are of greater 
commercial value than those obtained from benzene. In the 
case of a-naphthalene derivatives the azo-group takes up para- 
(4) position, but if this is not free an ortho (2) azo compound 
is formed. If position 4 is free, but substituents, especially 
sulphonic acid groups, are present in positions 3 and 5 then 
the azo-group enters position 2 . With a /S-naphthalene deriva- 
tive, e.g. ^-naphthol or jS-naphthylamine, the azo-group enters 
position 1 . Coupling with 1 ; 2 or 2 : 1-amino-naphthols cannot 
take place. 

As a rule azo-dyes are formed in solution, and are salted 
out, filtered, dried and ground. Insoluble dyes are frequently 
prepared on the fabric; an example of such is para-red, 
NO 2 -C 0 H 4 *N 2 *CioHg-OH, obtained by steeping cotton in 
sodium ^-naphthoxide solution, squeezing out, drying, and 
final treatment with a 1 per cent solution of ^-nitrobenzene- 
diazonium chloride. Numerous dyes of the same type are 
obtained by replacing the j»-nitrobenzenediazonium chloride by 
the diazonium salts derived from m- or o-nitraniline, a-naph- 
thylamine, benzidine, dianisidine, o-anisidine, &c. For 
stabilized diazonium salts cf. p. 1030. 

Insoluble or sparingly soluble amines can be converted into 
readily soluble sulphamic acids by reaction with chlorosul- 
phonic acid and pyridine, and the products can be diazotized 
with elimination of the N-sulphonic group 

R NH, R NH SOg OH R N^Cl + H,S04 
HNO, 

with a diamine the disulphamio acids can be diazotized in two 
distinct stages giving first a diazoaryl-sulphamic acid and 
finally a tetrazonium salt. 

CeH4(NH,), CeH4(NHSO,H), 

C1N, C4H4 NH S0,H C4H4(N4C1)4. 

The diazoaryl-sulphamic acids readily couple with /9-naphthol 
yielding soluble dyes. With a nitroamine it is possible to obtain 
a diazonium salt with the diazo group in place of the nitro 
group by the following series of reactions, the NHj being 
converted into the sulphamic acid, the nitro group then 

N0, C,H 4 NH, NO 4 C 4 H 4 NHSO.OH 

NH* C,H4 NHS0,0H NjCl CA-NHSOaOH 
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carefully reduced and the product treated with one equivalent 
of nitrous acid. 

When a diazonium salt is readily hydrolysed and cannot 
therefore be prepared in aqueous solution it is possible to 
diazotize with nitro-sulphonic acid (chamber crystals or 
nitrosyl sulphate) in concentrated sulphuric acid. In this way 
picramide, ^-tri-nitraniline, can be diazotized. Amines in 
benzene solution can be diazotized by means of nitrogen per- 
oxide, and it is claimed that this reaction is in harmony with 
the formula 0:N*0-N0j for the peroxide (J. A. C. S., 1925, 
3011). 

The following are some simple monoazo dyes derived from 
naphthalene. The first name is that of the amine, which is 
diazotized, and the second is that of the phenol, with which 
it is coupled: 


Ponceau 2Q 
Orange 0 
Orange GT 
Palatine Scarlet 


* Aniline jS-naphlholdisulphonic aeid R. 

«•- Aniline ^-naphtholdisulphonic acid (i. 

•» Toluidine )5-naphthoI-6-8n]phonic acid S. 
« m-Xylidine a-naphthol-3 : B-disiiIphonic 
acid. 


Brilliant Orange R 
Ponceau 2R 
Palatine Bed 

Fast Bed BT 

Orangen 
Fast Bed 


Xylidine jS*naphtholsnlphonic acid S. 
m-Xylidine jS-naphtholdisulphonic acid K. 
o-I^aphthylainme o-Daphthol«3 : 6-diflul' 

phonic acid. 

a-Naphthylamine naphtholsulphonic 

acid S. 

- Sulphanilic acid -► ^-naphthol. 

“ Naphthionic acid -»► /^-naphtholsulphonic acid 


S. 

Double Brilliant Scarlet Bronner's acid ^-naphthol. 

Sorbine Bed ** p- Amino acetanilide a>naphthob3 : 6-di- 

snlphonic acid. 


A number of others are largely used with chrome mordants. 
Most of these contain as second component salicylic acid, 
chromotropic acid (1 : 8-dihydroxynaphthalene-3 : 6-disulphonic 
acid) or a-naphtholsulphonic acid NW, and as Ist component 
substituted anilines and naphthylamines. For list see Thorpe 
and Linstead, p. 107. 

There is a marked difference in the reaction of dyes derived 
from naphthalene. Those formed with )3-naphthoI or jS-naph- 
thylamine as secondary component are non-reactive, are fast 
to acids and alkalis, and are of value as finished dyes, whereas 


* meani diazotized and coupled with. 



MORDANT COLOURS 


102a 


fch« NHj group in those with a-naphthylamine as secondary 
component can be further diazotized and used as intermediates 
for dis- and fm-azo-dyes. 

Mordant Colours. — Although the simple azo-dyes will not 
dye cotton in the absence of a mordant they can be used for 
silk and wool.* The common mordant for a basic dye is tannic 
acid. The phenolic dyes are used in much the same manner as 
alizarin, viz. with a metallic mordant (p. 585). The fastest 
are those on metallic mordants, and the modern method 
of producing black or blue-black shades for wool dyes is by 
the action of the mordant rather than by building up poly- 
azo compounds. The mordant may be applied before dyeing, 
during the process of dyeing (metachrom process), or the 
dyed fabric may be treated with a metallic salt. The chrome 
dyes are usually made with the aid of dichromate and a re- 
ducing agent. The following are the common components 
used in chrome dyes: (1) Base: o-amino-phenol, o-amino- 
naphthol, and their sulphonic and carboxylic acids, picramic 
acid. (2) Second component: ail phenols giving o-hydroxy- 
azo compounds, e.g. p-naphthol, resorcinol, salicylic acid, 
and crcsotinic acid, phenyl-methyl-pyrazolone, jS-diketones, )3- 
ketocarboxylic esters, m-phenylenediamine. 

For a simple azo-dye to form a chrome lake it must have 
one of the following groupings: (i) OH ortho to a second OH, 
or to a carboxylic or similar group, (ii) Same groups as in (i) 
but in peri-positions, (iii) OH ortho to an azo-group, (iv) 
Similar to above but with NHg in place of OH. The first 
chrome dye was diamond black F, and is still one of the com- 
monest, COj 5 H CeH 3 (OH) N,-CioHe*N 2 CioH 5 (OH)S 03 H, from 
diazotized p- (or preferably o-) aminosalicylic acid and a- 
naphthylamine, the resulting monoazo dye diazotized and 
coupled with l-naphthol-4-8ulphonic acid (NW acid), also 
eannoisine from naphthionic acid (1-amino-naphthalene- 
4-sulphonic) and the above NW acid, it dyes 



wool red but with a mordant violet. 

♦For relation between wool-dyeing properties and structure of azo-dyea 
cf. Spmkman and Cleggt J. S. I). C. 1034. 348. 
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Diamond black PV is the fastest and best black, and is 
formed by coupling the o-diazo-oxide of 2-aminophenol-4- 
sulphonic acid with 1 : 5-dihydroxy-naphthalene: 



All the chrome lakes are presumably co-ordination com- 
pounds (cf. Chap. XLVI, B.). The Cr is attached by covalent 
links to the phenolic oxygen and by co-ordinate links to a 
neighbouring oxygen or azo-nitrogen atom forming a chelate 
ring. 

Copper lakes are also known, and many of these are soluble, 
e.g. picramic acid diazotized and coupled with H acid gives a 
black dye with a copper mordant: 


NaOaS 


2N HO NO, 



The most important group of yellow acid dyes are those 
obtained by coupling a diazonium salt with a pyrazolone deri- 
vative (Chap. XLII, A.) ; the first of these was tartrazine (I) 
(1884), obtained by coupling diazotized sulphanilic acid with 
the pyrazolone obtained from phenylhydrazine-p-sulphonic 
acid and ethyl oxalacetate and hydrolysing: 


I 


(p) Na03S CeH4 N:N CH C0. 


I >N CeH4 S03Na (p). 
NaOjCC— N/ 


More important are Xylene light yellow 2G (II), and Polar 
yellow 60 (III). 

(p) NaO,S C4H4 N:N CH CO-v 
11 I >N C4H3C4 SO,Ntt (p). 

CMe=N/ 


III 


( p ) ch, c,h, so, o c,H4 n:n ch co- 

CMe=N 


/■ 


>N C4H4Cl SO,Na (m). 
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2. DISAZO DYESTUFFS 

Ofoup 1. These are formed by the successive introduction 
of two azo-groups — either similar or different — into the mole- 
cule of a phenol * or amine. When one of the couplings takes 
place in acid solution and involves the introduction of the azo- 
group into the ring containing the amino group, and the other 
takes place in alkaline solution and involves the introduction 
of the azo-group into the ring containing hydroxyl groups, 
then the two couplings are always effected in the order given, 
as the former proceeds less readily than the latter, and is 
retarded to a greater extent as the components become more 
complex. 

A good example is Wool Black 6B, obtained by the suc- 
cessive action of diazotized sulphanilic acid in acid solution, 
and of diazotized a-naphthylamine in alkaline solution on 
1 : 8-ammonaphthol-4-8ulphonic acid. Other examples are: 

Besorcin Brown — m-Xylidine resorcinol sulphanilic acid. 

Nai^thol Blue-black — jp-Nitraniline aminonaphtholdisulphonic 

acid H aniline. 

Anthracene Acid Brown ** Sulphanilic acid -> salicylic acid ^ p- 

nitraniline. 

Chrome Patent Green Aniline l-ainmo<8>naphthol>4:6’diBul- 

phonic acid ^-nitraniline. 

Palatine Black **■ Sulphanilic acid (acid solution) l-amino-S- 

naphtholdisulphonio acid H a-naph- 
tbylamine. 

The amine mentioned first is diazotized, then coupled with 
the middle compound, and finally the last-mentioned substance 
is diazotized and coupled with the monoazo dye formed from 
the first two. 

Group 2. The members of this group are synthesized by first 
preparing an amino-azo compound, diazotizing the amino 
group in this, and coupling the product with an amine or 
phenol. 

A complex member is naphthol Uaok B, (S08Na)2CioH5- 
N:N-CioHe*N:N-CiyH 4 (OH)(S 03 Na)„ and is formed by di- 
azotizing j8-naphtnylamine-6 : 8-disulphonic acid, coupling 
with a-naphthylamine, then diazotizing the resulting amino- 

*For in6u«fioe of wioiii groups in the phenol molecule on coupling 
compare Awmrs and Mkhadu, B., 1914, 1 275. 

(1 480) 


34 
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azo compound and coupling with an alkaline solution of /3- 
naphthol-3 : 6-disulphonic acid. Other examples are: 


Biebrich Scarlet 

Sudan m 
Brilliant Crocein 

Diamond Green 

Crocein Scarlet SB 

Ponceau 4BB 

Cromassie Navy Blue 
2RNX 
Nerol B 


Aininoazobenzonesulphoriic acid (from acid 
yellow) -*■ )9-naphthol. 

Aminoazobenzene j8-naphthol. 

Aminoazobonzeiie jS-naphtholdiBulphonic 
acid G. 

-= Aminosalicylic acid-azo-a-naphthylamine 
dihydroxynaphthalonesulphonio acid S. 

Aminoazotoliienesulphonic acid 
thol-8-8u!phonic acid. 

Aminoazobenzenesulphonic acid -> )3-naph- 
thol-8-8ulphomo acid. 

Metanilic acid-azo-a-naphthylamine tolyl- 
a-naphthylamiiie-S-sulphonic acid. 

« p-Aminodiphenylamine-o-sulphonic acid azo- 
a - naphthylamine -► - naphtholdisul- 

phonic acid R. 


As great difiSculty is experienced in diazotizing naphthalene 
derivatives in which the amino and azo groups are ortho to 
one another, it is necessary to use p*aminoazo compounds, and 
hence derivatives of a-naphthylamine are commonly used. 

Group 3. Direct Cotton Dyes or Substantive Dyes. This 
important group comprises the disazo dyestuffs obtained by 
diazotizing a primary diamine and coupling the tetrazonium 
salt with two molecules of an amine or phenol. The compounds 
of commercial importance are those derived from benzidine 
(^'-diaminodiphenyl, Chap. XXVII) and its homologues, the 
tolidines. When two molecules of the same amine or phenol are 
used, the products are simple benzidine dyestuffs, e.g. Congo- 
red from tetrazobenzidine chloride and sodium naphthionate, 
S03Na-CioH,(NH,)N,-CeH4CeH4N2Ci^5(NH2)S08Na. 

Intermediate compounds of the type C1N2'C3H4*C3H4*N2- 
CioH5(NH2)*S08Na can be prepared as crystalline salts, but 
are of no technical importance. The coupling with the second 
molecule of amine proceeds slowly, and may, in certain cases, 
take several days for completion. 

The benzidine dyes are of great commercial value, as they 
are gabstantiYe dyes; that is, they can dye cotton fabrics 
without the aid of a mordant. All benzidines which contain 
substituents in the ortho-positions with respect to the amino 
groups can yield substantive dyes, whereas the disazo com- 
pounds derived from benzidine derivatives with meta sub- 
stituents, e.g. pp'-diamino-o-o'-dicarboxylie acid or the cone- 
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flponding halogen derivatives or sulphonic acids, exhibit no 
affinity for the vegetable fibre. 

Numerous other jp-diamines can also yield substantive dyes, 
e.g. jDjo-diaminostilbene (Chap. XXIX), : CH* 

CeH4*NH2; ^?p-dianiinodiphenylamine, NH(C4H4-NH2)2i 
diaminodiphenylcarbamide, CO(NH*C6H4'NH2)2 ; ^p-ia- 
minocarbazole ; p^j-diaininofluorene and pp-diamino-azoben- 
zene, NH2*CgH4*N2*^W4*^I^2* jp-Phenylenediamine and 1 : 4 - 
and 1 : b-diaininonaphthalenes also yield substantive dyes, 
whereas ^p-diarninodiphenylmethane (Chap. XXVIII) and 
pp'diaminodi benzyl, NH2*C4H4*CH2-CIl2*C4H4*NH2, do not. 

The number of combinations between such diamines and 
various phenols, amines, and their sulphonic acids is extremely 
large, and only a few of the resulting substantive dyes can be 
mentioned : 


Chrysamine G 
Diamine Black BH 

Chrysophenine G 

Cotton Yellow G 

Diamine Blue BX 

Benzopunmiine 4B 

Diamine Blue BX or 
Niagara Blue BX 


— Benzidine -> salicylic acid (2 mols.). 

Benzidine -> y-aminonaphtholsulphonic acid 
and aminonapbtholdisiilphonic acid H. 

Diaminostiibenedisulphonic acid phe> 
netole (2 mols.). 

Diaminodiphenylurea salicylic acid (2 
mols.). 


-- BenzidineC “-naphtholBjilphomc acid NW, 
^ y-ammonaphtholdisulphonic 
acid H. 

- Tolidine -► naphthionic acid (2 mols.). 

T liding^ a-naphtholsulphonic acid NW. 

aminonaphtholdisulphonio acid 


Diamine Sky Blue Dianisidine 1 : B>amiiionaphthol-2 : 4>di- 

Bulphonic acid (2 mols.). 

Acid Anthracene Red 3B o-Tolidinedisulphonic acid /S-naphthol 

(2 mols.), 

Carbazol Yellow •* Diaminocarbazol -► salicylic acid (2 mola,). 

Milling Scarlet « 4:4'- Diamino-2 : 2' - dimethyl - diphenylme - 

than© -> a-naphthol-5-8iilphonic acid L 
(2 mols.). 

^ (both in alkali). 

0hlora2O^Sky Blue FF « Dianisidine 1 : 8-aminonaphthoi-2 : 4-disal- 

phonio acid (2 mols. in alkali). 

Cotton Yellow G Di-p-aminodiphenylnrea salicylic acid 

(2 mols.). 

St. Denis Bed Diar^oaaoxytoluene-^a-naphtholsulphonio 

acid NW. 
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The following rules apply to diamines which yield sub- 
stantive cotton dyes: (1) If the amino groups are in difierent 
nuclei they must be para to the union of the two nuclei or to 
the chain joining the nuclei* (2) The chain must be un- 
saturated (C : C) or contain an atom with pairs of lone electrons, 
e.g. — NH — or — N — N — . (3) With derivatives of diphenyl 

the position ortho to the umon must be unsubstituted or form 
part of a ring. (4) If the amino grouj)8 are in the same ring 
they must be para or, in the case of naphthalene, 1:5 or 
para to one another. Unless these conditions are fulfilled the 
amine will yield disazo compounds which cannot dye cotton 
direct. 

Another group of direct cotton dyes are those derived from 
J acid, 2-amino-5-naphthol-7-sulphomc acid and its deriva- 
tives. They are much faster than benzidine dyes, particularly 
to acids. Examples are: 

Brilliant Benzoviolet 2RL, by diazotizing H acid and coup- 
ling with m-toluidine and then diazotizing and coupling with 
phenyl J acid (i.e. Ph in NHg). 

Brilliant Fast Blue from H acid, a-naphthylamine and 
phenyl J acid. 

BcKUinthrene 0 from diazotized aniline and m-aminobenzoyl 
J acid, i.e. •CO*C0H4*NH2 (m) in NHg of J acid, and can be 
made faster by diazotizing and developing with jS-naphthol. 

Benzo Fast Scarlet 4BS. Two molecules of J acid are con- 
densed with phosgene and sodium carbonate, and the inter- 
mediate coupled first with diazotized aniline and then with 
diazotized j?-aminoacetanilide. Its structure is 




--N.C^H^NHAo 


OH 


Bia^ck brown, (Chap. XXII E.), 

is a bisazo dye derived from a metadiamine, and can only be 
used on cotton in the presence of a tannin mordant, but dyes 
wool a red-brown shade. 
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3. TRISAZO DYESTUFFS 

These contain three azo-groups. One method of preparing 
such compounds is by starting with a bisazo dyestuff, e.g. a 
benzidine dye, containing an amino group, diazotizing this 
and coupling the product with an amine or a phenol. Thus 
the dye produced by coupling diazotized benzidine with 
a-naphthylamine and 7-amino-a-naphthol-3 : 6-disulphonic 
acid can be further diazotized and the product coupled with 
amino-naphthol-sulphonic acid Y, when the dye Direct Black V 
is obtained. 

A second method is to couple a diazonium salt with one of 
the components present in a benzidine dye ; thus Congo-brown 
G is formed by allowing diazotized sulphanilic acid to couple 
with the resorcinol residue in the bisazo dye derived from 
benzidine, salicylic acid, and resorcinol. 

Diamine green B, a green substantive dyestuff, is manu- 
factured by coupling diazotized p-nitraniline with 8-hydroxy- 
l-naphthylamine-3 : 6-disulphonic acid .(H acid), then coup- 
ling benzidine tetrazonium salt with this and finally with 
salicylic acid. Its structural formula is 

HO NH* 

CO,HCeH8{OH)NaCeH,C«H^-N, /\^\N2-C*H4N0, 

SOsNa^yi^/SOaNa 

With phenol in place of salicylic acid diamine green B is formed. 

An important fast green azo-dye is Chlorantine Fast Green 
BLL (1924) which contains the cyanuric ring (Chap. XII, C.): 

OH(SO,Na),CioH4N,*C.HjMe(OMe)N8- 

C,eHj(OH)(SO,Na),NH--j^\---NHPh 

NHCeH 4 N,C«H,(OH) CO,Na 
Various other fast dyes with the same ring are of value. 

4 . TETRAKISAZO DYESTUFFS 

These can be prepared by the action of two molecules of 
a diazonium salt on a suitable bisazo dyestuff; thus the dye 
derived from benzidine and resorcinol (2 mols.) couples with 
diazotized salicylic acid, yielding Hessian brown BB« 
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Another method of forinatiou is the coupling of two iiiole- 
cules of the intermediate tctrazo compound, formed in the 
production of a benzidine dye, with one molecule of dihydroxy- 
diphenyl-raethane or with a similar compound. 

Most of the dyestuffs are brown, and have only a limited 
importance. 

In the benzidine dyes, as in many other series of azo-dyes, 
the presence of chlorine atoms renders the products much 
faster to light. m-w-Dichlorobenzidine gives rise to the pro- 
ducts known as dianol reds, and chlorazol blues are obtained 
by coupling the tetrazo derivative of dianisidine with chlori- 
nated naphtholsulphonic acids. 

Many of the direct cotton dyes are also used on wool. On 
cotton some exhibit sensitiveness to washing and acids, but 
can be rendered much faster by an “ after-treatment with 
either a weak chrome bath, formaldehyde or sodium thiosul- 
phate. 

A few monoazo direct cotton dyes are known; these are 
mostly derived from dehydrothio-p-toluidine, 

and its homologues or from primuline-sulphonic acid by diazo- 
tizing and coupling with salicylic acid or naj)htholsulphonic 
acid. 


6, INGRAIN COLOURS 

Some of the more complex azo dyestuffs are actually pre- 
pared on the fabric, and are termed Ingrain colours. This 
may be accomplished in one of two ways : 

(a) Coupling on the fibre , — In order to obtain complex dyes, 
the fabric which has been dyed with a substantive dye is 
sometimes treated with a solution of p-nitrobenzenediazonium 
chloride. For this purpose the substantive dye must contain 
a residue capable of coupling with a diazonium salt. 

To facilitate the production of ingrain dyes diazo com- 
pounds are now supplied in the dry form. (1) The diazonium 
salt with warm aqueous sodium hydroxide yields the sparingly 
soluble sodium salt R-N : N*ONa, which is stable and can be 
sent out as a paste — ** nitrosamine red paste ; for coupling 
purposes it must be acidified. (2) Many ^azonium compounds 
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form stable complex salts, e.g. hydrofluor-titanates, -stannatea 
or -aluminates, and are sent out in solid form. 

(6) Developing on the fibre . — When the fabric has been dyed 
with a dyestuff containing an amino group, it is subsequently 
treated with nitrous acid and then with a bath of j8-naphthol, 
when a more complex dye is actually produced on the fibre. 
Thus to produce Diazo black B the fabric is dyed with the 
substantive dye derived from benzidine and l-naphthylaraine> 
5 “Sul phonic acid, which is then diazotized on the fabric and 
developed with ^-naphthol for blue-black or with jo-phenylene- 
diamine for brown-black shades. 

The complex fast yellow dye, Diazo light yellow 2G (1910), 
is made by impregnating the cloth with 

ip) NH2 (yi4‘CO NH C,H3{SO,Na)NH CO‘ 

NH CJI,{S 03 Na) NH C0 C«H4NH2 (;>), 

then diazotizing and developing with l-phenyl-3-methyl-5- 
pyrazolone. 

As the temperature necessary for coupling or developing 
is low they are often termed ice colours. 

The reverse process is frequently used, viz. the fabric is 
padded with an alkaline solution of j8-naphthol and finally 
developed by immersion in a bath of a diazotized base (cf. 
Thorpe and Linstexid, p. 125). 

A great improvement has been effected by using naphthol 
AS, i.e. the anilide of 2-hydroxy-naphthalene-3-carboxylic 
acid, OH-Cio^Ig-CO-NHPh, or any similar arylide. The inter- 
mediates are substantive to cotton, and the dyes are more 
brilliant in colour and faster than those obtained from 
naphthol itself {Rowe and others, J. Soc. Dyers, 1921, 204; 
1924, 218; 1930, 227). Numerous red, orange and purple 
dyes are formed, and also pure navy blue shades, e.g. by de- 
veloping naphthol AS or similar compounds on the fibre with 
diazotized 4-amino-4'-ethoxy-diphenylainine, NH 2 *CeH 4 *NH* 
CgH 4 -OEt (Variamine Blue B base). 

Hansa yellows* used as solid yellow pigments, are formed 
by coupling diazotized monamines with arylides of aceto- 
acetic acid. Hansa srellow Q is N02*CeH3Me-Na*CH(C0CH3)C0* 
NHPh. When pyrazolones are used in place of the arylide the 
pigments have redder shades, e.g. Permanent yellow R (1911) 
18 the product from diazotized o-chloraniline and 1-p-nitro- 
phenyl-3-methyl-5-pyrazolone. 
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Numerous attempts have been made to improve the fastness 
of azo dyestuffs to milling, washing, &c. As already pointed 
out (Chap. XXIV), aromatic compounds with NHg and OH 
groups are extremely reactive, and the methods adopted to 
improve the fastness is to protect either OH or NHj groups. 
To protect OH groups three methods are available : 

(i) Treatment with formaldehyde, giving the vulcan dyes. 

(ii) Alkylation, e.g. introduction of Et, -CHgPh or higher 
alkyl groups; thus the benzyl ether of 4“Chloro>2-aniino-phenol 
is an extremely good intermediate, (iii) By condensation of 
the dye with 7 )-toluene-suiphonyl chloride when the OH yield 
0 * 02 S*C^H 4 CH 3 , giving the important polar colours, e.g.; 

NaOgS (p) 

NaO.S ' ' 

f*olar red 

An NHj group is usually protected by somewhat similar 
methods: (1) by alkylation groups as complex as decyl can 
be introduced, (2) by introducing the -SOgNH^ or •CO’NHj. 

Viscose-rayon Dyestuffs. — Many of the azo-dycs used for 
cotton can also be used for viscose-rayon, but often do not 
give level colours, and hence a special group of dyes is used 
for viscose. The most important are the Icyl dyes, which are 
of two types: (1) Diazo dye of the type A--^ C, where 
A is a nitrated amine or derivative and C is an aminonaphthol 
sulphonic acid, S acid, J acid, or H acid. (2) Dyes derived 
from symmetrical diamines, e.g. 2 : 2'-Bub8tituted benzidines 
or 4 : 4'-diamino-diphenyl8ulphide, 4 : 4'-diamino-diphenyl- 
amine and the secondary components J acid, or 1:8- and 
2 : 8-amino-naphthol sulphonic acid. 


C. Stilbene, Pyrazolone^ and Thiazole Dyestuffs 

1. STILBENB DYESTUFFS 

This group comprises a number of yellow and orange sub- 
stantive dyestuffs which are relatively fast. The elucidation 
of the constitution is due to A. 0, Green (J. 0. 8., 1904, 1424, 
1432; 1906, 1602; 1907, 2076; 1908, 1721), who obtained 
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from them diarniiiostilheDedisulphonic acids by reduction and 
benzaldehydeBulphonic acids by oxidation with permanganate. 
By the action of hot caustic soda on p-nitroluene-o-sulphonic 
acid, sun yellow or direct yellow RT (WallJier, 1883) is formed, 
and this with hypochlorite gives Mikado yellow, and reduced 
gives Mikado orange. 

The first product formed in the condensation of j}-nitro- 
toluene-o-sulphonic acid with alkali is a p-nitroso-p'-nitro-di- 
benzyldisulphonic acid together with water. Under the 
influence of reducing substances present this forms pp'-di- 
nitrosostilbenedisul phonic acid, which undergoes further re- 
duction to direct yellow RT, which is an azo-azoxy derivative 
of stilbene, 

CHCeH,(S 03 H)N --NCeH 8 (S 03 H)CH 

CH C3H8(.S03H) N : N(0)*C,H3(S03H) CH. 

Mikado yellow is the corresponding dinitroazostilbenedisul- 
phonic acid, which can also be formed by reducing 4 : 4'-dimtro- 
still>ene'3 : S'-disulphonic acid. Stilbene orange 4R is the 
corresponding compound containing two azo groups in place 
of one azo and one azoxy group, and is formed when the con- 
densation takes place in the presence of glycerol. 


2, THIAZOLE DYESTUFFS 

The primulines (Green, 1887) are thiazole derivatives (Chap. 
XLII, B.). Primuline base itself is formed together with de- 
hydrothiotoluidine, ^-aminobenzothiazole, 

CH.CeH NII„ 


by heating j?“toluidine with sulphur at about 200®, and is 
generally used in the form of a sulphonic acid with S 03 Na 
ortho to the CHg group. Primuline yellow is probably a mix- 
ture of a di- and trithiazole derivative, e.g. : 

and is not fast. Thioflavine S is a methyl derivative of primu- 
line, and gives canary yellow colours to tanned cotton. Thio* 

( B 4S0 ) S4 • 





C,H,(NH,)SO,Na, 
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flavine T, obtained from dehydrothiotoluidine, methyl alcohol, 
and HCl at 170"^ is the ammonium chloride, 

Vc.H4NMe3Cl. 

\n/ 

and gives greenish -yellow shades. The primulines themselves 
are of little use as direct dyes, but the fabric treated with a 
primuline can be diazotized and developed with hydroxy- or 
amino-compounds yielding very fast yellow to brown ingrain 
colours. 


3. PYRAZOLONE DYESTUFFS 

These are mainly azo dyestuffs containing the pyrazolone 
ring (Chap. XLII, A.). They are yellow dyes, fast to light but 
relatively expensive, e.g. ti^a 2 dne (Ziegler, 1884). 

They have been referred to already under fast and yellow 
dyes (section B4). 

Numerous dyes can be prepared by coupling simple di- 
azonium salts with pyrazolonesulphonic acids. Fast light 
yellow G, obtained from benzenediazonium chloride and 
l-p-8ulphophenyl-3-methyl-5-pyrazolone, is 

OH(N:NPh)CMe. 

co< > 

^N(C«H4‘SO,Na)'N- 
or the corresponding enol. 

Eichrome red B is obtained from l-amino-2-naphthol-4- 
sulphonic acid and l-phenyl-3-methyi-5-pyrazoIone. 


D. Di- and Triphenylmethane Dyes 

The basic and acidic dyes derived from triphenylmethane 
have been dealt with in Chap, XXX. 

The only important dyestuff of the diphenylmethane series 
is Anramine 0, the ketoneimide, NMe 2 C 0 H 4 -C(:NH)*CflH 4 * 
NMeg, HCl, or NMe 2 'C^H 4 -C(NH 2 ):CeH 4 :NMe,a. This was 
originally prepared (Kern and Caro, 1883) by heating Michler^s 
ketone, tetramethyl-4 : 4'-diaminobenzophenone, with am- 
monium and zinc chlorides at 160°, but is now generally manu- 
factured by fusing tetramethyldiamino-diphenylmethane with 
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sulphur, ammonium chloride, and common salt, whilst am- 
monia is passed through the mass; HgS is formed, and the CHj 
group gives rise to the C:NH group. Aoramine 6 is the corre- 
sponding compound derived from o-toluidine. 

The following dyes are derivatives of diphenylnaphthyl- 
methane, CHPhg-CioHy. Victoria blue B, obtained by con- 
densing phenyl-a-naphthylarnine (p. 576) with tetramethyl- 
4 : 4'-diaminobenzhydrol or tetramethyl-4 : 4'-diaminobenzo- 
phenone chloride, is CeH 5 -NH*CioH 6 -C(CeH 4 -NMe 2 ) : C 4 H 4 : 
NMegCl. Victoria blue R is obtained in a similar manner 
from ethyl-a-naphthylamine, and night blue from tetraethyl- 
diaminobenzophenone chloride and p-tolyl-a-naphthylamine. 
These blues are not very fast to light, but give very bright 
shades. Wool green is formed by condensing G salt (p. 574) 
with tetramethyldiaraino-benzophenone chloride. 

Influence of constitution on colour in the Triphenylmethane 
Group (cf. Chap, XXX). — The introduction of six methyl groups 
into the NHg groups of magenta gives crystal violet, and with 
fewer the intermediate violets are formed. The introduction 
of methyl groups into the nuclei, e.g. one methyl in each ring as 
in new magenta still gives a red colour. The gradual introduc- 
tion of phenyl groups in the NHg causes a change of colour 
from red to blue. The removal of one amino group, e.g. mala- 
chite green, produces a marked effect, and similar effects are 
obtained by acylating the amino groups. 

The position of the NHj groups is important, e.g. fast green 
has three NHa groups, two in para- and the third in meta- 
position, so that a meta NH* group has no effect. 

If two NHg groups are removed the colour changes to 
yellow, giving a dyestuff which can be used with tannined 
cotton. The replacement of NHj by OH gives the aurines 
which are yellow. 

The fastness of a compound of the malachite green groups 
is greatly enhanced by replacing one or more phenyl groups 
by indoyl nuclei, especially the group 
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E. Xanthene Dyestuffs 


These dyestuffs, which can be regarded as derivatives of 
diphenylmethane oxide or xanthene (Chap. XLIV, B.), contain 

the pyrone ring 
two groups : 

1. The pyronines, or derivatives of diphenylmethane, and 

2. The phthaleines, or derivatives of triphenylmethane. 
The formation and structure of the phthaleines have been 

dealt with in Chap. XXX. The chief members of this class 
are the cosines, the rhodamines, and galleine. 

The following numbering of the atoms in the fluorescein 
skeleton is adopted: 


< 


:CK 


They are usually divided into the 






r 

r 


This numbering is not the same as that given in Richter ^ b 
Lexicon, but is analogous to that adopted for acridine, phena- 
zine, &c. 

Uranine or sodium fluorescein is the sodium derivative of 
the 8-hydroxy-2'-carboxylic acid. Eosin A is 1 : 3 : 7 : 9-tetra- 
bromofluorescein. Spirit eosin and Eosin S are the corre- 
sponding methyl and ethyl esters. Eosin BN is potassium 
3 : 7-dinitro-l : 9-dibromofluorescein. Ersrfhrosin 0 is potassium 
1 : 9-diiodofiuorescein, Erythrosin is 1:3:7: 9-tetraiodo- 
fluorescein* Phloidne P is potassium 4' : 6'-dichloro-l : 3 : 7 : 9- 
tetrabromofluorescein. Bose Bengal is the corresponding 
tetraiodo compound. Phloxine is potassium 3' : 4' : 5' : 6'- 
tetrachloro-1 : 3 : 7 : 0-tetrabromofluorescein. Oallein or ali- 
zarin vidett from gallic acid and phthalic anhydride, is 1 : 9- 
dihydroxyfluorescein* Ooerulein is gallein anhydride formed 
by the elimination of water from the OH of the carboxyl group 
and hydrogen in position 4. 
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The Bhodamines or aminophthaleins contain NH 2 and NH 
or substituted NHg and NH groups in place of the -OH and 
:0 groups of fluorescein. The bases themselves probably 
have a lactam structure, but the salts (dyes) may be repre- 
sented by para or ortho quinonoid formula), probably the 
latter, with a quadrivalent oxygen atom, as fluorescein and 
derivatives, which contain no NHg groups, also from chlorides 
which can dye tannined cotton. 


O 

HQ 

C.H^CO.H (o) 



The numbering is the same as in the fluorescein skeleton. 

The rhodamines are manufactured by condensing phthalic 
anhydride with substituted aminophenols. The presence of a 
carboxylic group in the salts, and hence a quinonoid structure, 
is indicated by the readiness with which the dyes yield alkyl 
derivatives, which are readily hydrolysable, i.e. esters; these 
are also coloured. If the dyes were lactones the products 
formed on alkylation would be quaternary ammonium salts, 
which should not be readily hydrolysed. 

Rhodamine B contains two NEts groups in positions 2 and 
8 . Rhodamine SB is the corresponding ethyl ester. Rhoda- 
mine 6Q is the ester containing two NHEt groups in 2 and 8 
positions. Rhodamine 8 is the chloride of the dimethyl- 
amino compound containing the group ‘CHa’CHg^COaH 
(derived from succinic acid) attached to C No. 5. Viola- 
mines contain phenyl and tolyl, and sulphonated phenyl 
groups attached to the N atoms in positions 2 and 8 . 

Rhodamine 6G (1902) contains Me in positions 3 and 7, 
NHMe in positions 2 and 8 , and a Cl in 2 ' and is a brilliant red 
dye. It is fast due to the halogen and is made from o-chloro- 
benzaldehyde and 2 -methyl*amino-p-cre 8 ol by action of H 2 SO 4 
and subsequent oxidation. 

New compounds contain the group HO*CgH 4 *NH* m 2 and 8 
and are formed by the action of p-aminophenols on 2 : 8 di- 
halogenated fluoresceins. 

Acid dyes with SOgH groups are known, e.g. Fast add violet 
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AgR with :NH‘CeH 3 MeS 03 in 2, •NH Celi 4 Mo in 8, and 
COgNa in 2 \ is obtained by condensing m-hydroxy-di-o-tolyl- 
amine with phthalic anhydride and subsequent siilphonation. 

Dyes with an ester structure such as Rhod amine 3B or 
66 or Eosin S are as a rule faster and more stable, as the 
conversion of the -COONa group to -COOEt lessens the ten- 
dency to the formation of colourless lactones. They have a 
bluer shade and can be used as direct dyes for cotton. 

The pyronines are of but little importance, and are formed 
by condensing alkylated w-aminophenols with aliphatic alde- 
hydes or acids, e.g. p3n*omne G from formaldehyde and di- 
methyl-m-aminophenol and subsequent oxidation. 


F. Acridine and Quinoline Dyes 

The chromogene in the acridine dyestuffs is the acridine ring 
(Oliap. XLIV, B.) with an orthoquinonoid structure, 

They are analogous to the xanthene dyestuffs, and by replac- 
ing the H of the CH group by phenyl, triphenylmethane deri- 
vatives are obtained. The only compounds of commercial 
importance are the amino or substituted amino derivatives, 
with the nitrogen atoms in the positions 2 and 8. They are 
yellow and orange to brown basic dyes used in calico printing, 
and also used in dyeing cotton, silk, jute and particularly 
leather, and some are of value medicinally. 

Acridine yellow,* 2 : 8-diamino-3 : 7-dimethylacridine hydro- 
chloride, is a basic yellow dye obtained by condensing w- 
toluylenediamine with formaldehyde and oxidizing the result- 
ing leuco-base. The corresponding 5-phenyI derivative is 
benzoflavine. Acridine orange, 2 : 8-tetramethyldiaminoacri- 
dine zinc chloride, is obtained from m-aminodimethylaniline 
and formaldehyde and Acridine orange B extra is the corre- 
sponding 5-phenyl derivative obtained by using benzaldehyde. 
I^oepliine or leather yellow is impure chrysaniline, 2 : i'-dia- 

•Thc numbering is exactly similar to that of fluorescein derivatives 
(p. 1036), the N atom occupying the position of the pyrone oxygen in fluores- 
cein* 
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rninophenylacridium nitrate, and is obtained as a by-product 
in the manufacture of magenta (Chap. XXX, 2). 

Common quinoline dyes are mentioned in Chap. XLIV, 
A2. 

Cyanine dyes . — The cyanine dyes are of great value as 
sensitizers for the photographic plate, e.g. in the production 
of panchromatic plates, i.e. plates which are nearly equally 
sensitive to all parts of the spectrum: pinacyanol which 
sensitizes right into the red and pinaverdol which sensitizes 
through the green into the red, are two of the oldest dyes 
introduced by Konig (1902), but numerous others have been 
prepared during 1917 to 1936, and the structure of many has 
been elucidated by Mills and his co-workers both by processes 
of oxidation and by syntheses. 

They all contain two heterocyclic nitrogen-containing rings, 
the nitrogen in one being in the tervalent state and in the other 
in the quinquevalent or ammonium salt form. In some of 
the newer dyes a nitrogen-sulphur ring, e.g. benzthiazole ring, 
may replace one or both of the rings. As a rule the two rings 
are quinoline rings, but a few dyes containing pyridine rings 
are teown. 

The two rings may be directly united, but usually are joined 
by the -CH: or •CH:CH'CH: group, or a longer chain con- 
taining alternate single and double linkings. The colour of 
the dyes is attributed to these alternate double linkings being 
in conjugation with linkings in the rings. The sub-division 
of the dyes is as follows (cf. Komigsy B., 1922, 3293; MillSy 
J. C. S., 1928, 1918): 

I. Nitrogen rings directly united = Apocyanines. 

II. Nitrogen rings attached by a ’CH: group: 

(а) 2 : 2'-attachment*= Pseudocyanines* 

(б) 2 : 4'-attachment = Isocyanines. 

(c) 4 : 4'-attachment = Cyanines. 

III. Nitrogen rings united by a : CH-CH : CH* group = Carbo- 
cyanine dyes: 

(а) 2 : 2' -attachment ^ Pinacyanols. 

(б) 2 : 4'-attachment -= Dicyanines. 

(cj 4 : 4'-attachment Kryptocyanines. 


• The N atoms arc numbered I and 1% 
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IV. Thiocyanines. 

I. Apocyanines. — (a) Xanthoapocyanines with 3 : 2'*attach- 
rnent and (6) Erythroapocyanines with 3 : 4'-attachment. A 
mixture of two such dyes is formed by the action of alcoholic 
potash on a quinoline ethiodide. The structure of the latter 
has been established by Mills and Ordisch (1928, 81) by oxidiz- 
ing it with iodine to 3 : 4'-diquinolyl (CgHjN)j which has been 
directly synthesized. 

II. (a) The pseudocyanines can be prepared by the action 
of alcoholic potash on 2-iodoquinoline methiodide and quinal- 
dine methiodide {Hamer y 1928, 206), and similar compounds. 
They exert a sensitizing action in the bluish-green region of 
the spectrum. The condensation occurs between the iodine 
atom in position 2 of one nucleus and a hydrogen atom of the 
methyl group in position 2 of the second nucleus, also elimina- 
tion of HI from the ammonium iodide and hydrogen of the 
CHg. They are ammonium salts with a quadrivalent N in 
the cation. 



(6) Isocyanines can be synthesized by a process similar to 
the above but using 4-chloroquinoline alkyl iodides. The struc- 
ture has been confirmed by oxidation, e.g. dimethylisocyanine 
acetate when oxidized yields l-methyl-2-quinolone (NMe in 
position 1 and CO in position 2) and cinchoninic acid metho- 
chloride (NMeCl in 1 and COjH in 4) (Mills and Wisharty 
J. C. S., 1920, 579). The most valuable are 1 : 1'-diethyliso- 
cyanine or Ethyl Red, and 1:1': 6-trimethylisocyanine or 
Sensitol. 

Isocyanines and all cyanines which are not symmetrical 
are tautomeric as indicated by the following scheme: 
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III. Carbocyaninea. 

(a) 2 : 2'''Carbocyanmes. — One of the simplest of these is 
2 : 2'-carbopyridine cyanine (I) obtained by the action of chloro- 
form and potash on a-picoline alkyl iodides (B., 1929, 2724). 






( JCH, + C1,CH + H.cl ) 

\n^ X]M/ 

l/^Me ] 


Me 






•ch:chc 


: h :1 J 


4 3HC1 4 HI 


Me 


'■■Me 


By using y-picoUne the isomeric 4 : 4'-cyanine is formed. 
In all the syntheses of carbocyanines the chain, ‘CHiCII’CH:, 
is built up from the two reactive methyl groups present in two 
substitute pyridine or quinoline rings, and a third carbon 
atom introduced in the form of chloroform, formaldehyde, 
ethyl orthoformate or the complex diorthoformylmethyl- 
aminodiphenyl disulphide, 0 : CH-NMe-C^H^-S-S’C^Hi-NMe* 
CH:0, in pyridine solution (Mills and Odams^ J. C. S., 1924, 
1914). 

One of the first known cyanine dyes, pinaeyanol (1 : T- 
diethyl-2 : 2'-carbocyanine iodide), known also as sensitol red, 
is more active than isocyanines. It is a 2 : 2'-carbocyanine 
with quinoline rings, and is formed by the action of potash and 
formalin on mixtures of ethiodides of quinoline and quinal- 
dine. Its structure follows from the fact that on oxidation it 
yields l-ethyl-2-quinolone (NEt in 1, CO in 2) and quinaldinic 
acid ethyl nitrate (NEtNOj in 1 and -COjII in 2) (Mills and 
Hamer, 1920, 1560), and hence is a 2 : 2'“Carbocyanine with 
two quinoline residues and NEt in position 1 and NEtX in 
position 1'. It has been synthesized from quinaldine ethiodide 
and ethyl orthoformate in presence of acetic anhydride and 
zinc chloride. 

(c) Kryptooyanines can be synthesized in a similar manner, 
using 4-methylquinoline (lepidine) alkyl iodides (Mills and 
Braunhdz, 1923, 2804), and dicyanines by using a mixture 
of alkyl nitrates of quinaldine and lepidine; in this synthesis 
small amounts of 2 : 2'- and 4 : 4'-oarbocyanines are formed, 
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but the chief product is the 2 : 4'- or dicyauine (Mills and 
Odams, 1924, 1913; Hamer, 1927, 2796). 

IV. Thiocyanines, e.g. diethylthiocyanine, I, can be synthe- 
sized by the action of ethyl malonate on o-aminothiophenol, 
converting the product into the mono ethiodide, removing 
HI by alkali, and then converting the second N into its ethio- 
dide (Mills, 1922, 455, 1489). 


I 



Et 



Thiocarbocyanines (Konig, B., 1928, 2065; Hamer, J. C. 8., 
1928, 3160) and selenocarbocyanines (J. C. S., 1928, 2313) 
have been formed and also cyanines from methylnaphthe- 
thiazoles. Also compounds containing the chain :CH*N:N‘ 
in place of :CH*CH:CH* (Fuchs and Granang, B., 1928, 57). 
Some of these latter are desensitizers towards the photo- 
graphic plate. 

Neocyanines contain three quinoline rings attached in posi- 
tions 1:3:5 in the chain : : CH*CH : C*CH : CH (Hamer, 

J. C. S., 1933, 189; C. and I., 1935, 640). Neocyanine has an 
Et group attached to each N. It is obtained by the action 
of ethyl orthoforraate on lepidine ethiodide and is a powerful 
infra-red sensitizer. 



line residue, are known, and those with several methyl sub- 
stituents, e.g. 1 : 3 : 3 : r : 3' : 3'-hexamethyl-indocarbocyanine 
chloride is not only a sensitizer but a fast dye for textiles. It is 
formed from trimethyl-indolenine methiodide and ethyl ortho- 
formate in pyridine solution and is known as astraphloxine FF« 


G. Indamine and Indophenol Dyestuffs 

The indophenol and indamine dyestuffs are derivatives of 
phenylated p-quinone mono- and di-imides respectively, 
OiCell^iNPh and NH:C,H 4 :NPh (Chap. XXV, F.}. 
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Indamines: Phenylene blue, NIIaCeH^N :CVH4:NH2C1, 
ol)taiiK‘(l by oxidizing a mixture of aniline and ^^-pheriylene- 
diamine, when the hydrogen para to the amino group in aniline 
and three of the four hydrogen atoms of the amino groups 
of the diamine are removed by oxidation, and union of the 
two amine residues takes place. Bindschedler^s green is 
the corresponding tetramethyl derivative. Toluylene blue, 
NMe 2 -CeH 4 -N:C 6 H 2 Me(NH 2 ):NH 2 CI, obtained by oxidizing 
dimethyl -p-phenylenediamine and m-toluylenediamine is of in- 
terest on account of its relationship to the eurhoidine, neutral 
red (p. 1045). Indamines are also formed by oxidizing a mixture 
of an arylainine (or m-diamine) with p-nitrosodimethylaniline 
instead of the p-diamine. 

The Indophenols can be formed in a similar manner by 
oxidizing a mixture of a phenol (or naphthol) with a paradi- 
amine or with p-nitrosodimethylaniline. The only dye of tech- 
nical importance is indophenol blue, NMcg CeH^ N: 0, 

obtained by condensing a-naphthol with p-nitrosodimethyl- 
aniline. It is sometimes used in combination with indigo, as 
the process of dyeing is exactly analogous. It is a typical 
vat dye. 


H. Azine, Oxazine, and Thiazine Dyestuffs 

Practically all these dyestuffs are basic dyes, and are used 
in the form of salts. They are readily reduced to leuco- 
compounds, which re-oxidize in the presence of air. These 
leuco-compoimds are amino or substituted amino derivatives 
of dihydrophenazine, phenoxazine, and phenthiazine respec- 
tively (Chap. XLV, B.). 



In all cases the amino or substituted amino groups occupy 
position 2.* 

The relationships of the leuco-base (1), dye-base (2), and 

* For purposes of orientating the numbering of the atoms is exactly 
similar to tl»t in the case of nuorescein (p. 1036) and acridine dyes, the 
CH in these being replaced by N. 
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dyestuff (3) are rendered clear by a glance at the formula 
for the azine compounds: 


LeucO‘bct3€ Dye -base 



An orthoquinonoid structure for the dye-base and dye is 
also possible, viz. (4). The oxazine and thiazine dyes can be 

Dye 



represented by formula analogous to 3, but with 0 and 8 in 
place of the NH group of the middle ring. If orthoquinonoid 
formulae are used for the dye-bases, union between 0 or S and 
the substituting NH group in position 4 must be assumed, 
e.g. (5), but not for the salts, e.g. (6). The orthoquinonoid 



formulae for the salts are now generally adopted; that for the 
azine salt represents the upper nitrogen in the middle ring, 
formula 4, as combining with the acid, e.g. HCl, and becoming 
quinquevalent. Such salts, containing quinquevalent N and 
tetravalent 0 or S, are usually termed phenazonium, oxa- 
zonium, and thiazonium salts. 

1. AZINE DYESTUFFS 

1. The azine dyestuffs comprise the following sub-groups: 

(a) The Enrhoidines. — Most of these are diamino or sub- 
stituted diamino derivatives, but have no alkyl or aryl group 
attached to the nitrogen atom in position 5. 

(b) The Safinuiines are all 3 : T-diamino derivatives, and in 
addition have a phenyl or substituted phenyl group attached 
to the nitrogen in position 5. They are ^enyl-diamino- 
phenazonium salts, often with substituents in the benzene 
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rings or in the amino groups. The formula of the simplest 
safranine is therefore 



Cl 


Safranines may also be derived from azines in which one or 
both of the benzene rings are replaced by naphthalene residues. 

(c) The Aposafranines also have an alphyl or aryl group 
attached to nitrogen in position 5. They are, however, mono- 
amino derivatives, and always contain one naphthalene 
residue. 

(d) The Indolines contain three or four amino groups. 


(o) THE EURHOIDINES 

These form a small and unimportant class. The dye-bases 
are only weak bases, and form red mono-acid salts. They are 
usually prepared by the oxidation of indamines. One of the 
best known is toluylene red. By the oxidation of a mixture 
of p-phenylenediamine and m-toluylenediamine an indamine 
(p. 1043) is formed: 



Indamine Eurhoidine base 


/ 

/ )CgH*Me-NH„ is ob- 

tained by the further oxidation of toluylene blue (p. 1043) 


Neutral ted, NMe,-C»H 3 s^ 


N. 


and neutral violet, NMe 3 *C,H,<^^ from 

\N{Ha)"^ 


p-aminodimethylaniline and m-phenylenediamine. The con- 
stitution of toluylene red follows from the fact that when 
diaxotized and warmed with alcohol it yields a methylphen- 
aane idwtical with that obtained by oxidizing the methyldi- 
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hjdrophenazine synthesized from catechol (1 : 2-di hydroxy- 
benzene) and m-toluylenediamine {Me:NH 2 :NH 2 ==1:3:4). 

(6) SAFRANINE8 

Considerable discussion has taken place with reference to 
two important points connected with the structure of the 
safranines, viz,: (1) the ortho- or paraquinonoid structure of 
the dyes, and (2) the symmetrical or unsymmetrical positions 
of the amino groups. 

NietsJd’s statement of the existence of two isomeric mono- 
methyl safranines was used as an argument in favour of the 
unsymmetrical arrangement of the two amino groups, but 
Kormr and Schmidt's proof of the identity of the two com- 
pounds lent support to the symmetrical structure which has 
been since confirmed by Hewitt. 

Sym. 

\NPhCr 

M 

Un«yra. CJi/ 

'-N(CeH,-NH,)Cr 

By the ordinary methods of diazotizing only one NHj group 
is removed from saf ranine, and for some time this was regarded 
as an argument in favour of the paraquinonoid formula which 
contains only one true -Nllg group. Subsequent experiments 
have proved that a second amino group can be removed by 
diazotizing in the presence of concentrated sulphuric acid, and 
this has given support to the orthoquinonoid formula which 
contains two free amino groups. The readiness with which 
the leuco-bases are oxidized to the dye-bases is also in har- 
mony with the ortho structure. 

When safranine sulphate is treated with barium hydroxide 
the green base, safranine hydroxide, is formed, and when this 
is heated water is eliminated, and a base practically free from 
oxygen is obtained. This has been urged as an argument in 
favour of the para constitution, as it involves the elimination 
of water from :NH20H and the formation of :NH. With 
an orthoquinonoid constitution the formation of the anhydro 
base involves either a molecular rearrangement into the para- 
quinonoid form followed by loss of water or the elimination 
of water directly and union between the nitrogen atoms in 
positions 3 and 5. 
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The safraniues can be prepared by a variety of methods: 

1. They are formed by oxidizing indamines in the presence 
of primary arylamines. 

2. By oxidizing 4 : 4'-diarainodiphenylamine in the presence 
of primary arylamines. 

3. By oxidizing a mixture of a p-diamine (1 mol.) with a 
monamine (2 mols.). This last is the ordinary commercial 
method, and it is essential that one of the amino groups in 
the diamine (1) shall be unsubstituted, and that one of the 
monaminos (2) taking part shall have the position para to the 
NII 2 group free. The second monamine (3) may have a para 
substituent, but the amino group itself must be unsubstituted, 


e.g.: 

4 H,N 

< 3 ) 




CHj, 

( * 

Oxidized 


CH,j 

Me,N‘' 


CH 3 

NH 2 



Safranine T, 2 : 8-dimethyl-3 : 7 -diamino -5 -phenyl phenazo- 
nium chloride, is made by oxidizing a mixture of equimolecular 
proportirjns of o-toluidine, aniline and j?-toluylene-dlamine to an 
indamine and subsequent oxidation of this to the safranine. 
It is also frequently made from the oil which distils over 
during the manufacture of magenta. It can be diazotized 
and coupled with ^-naphthol when the important substantive 
dye known as indoine blue is formed. 

Safranine BIN is 2-niethyl-3-amino-7-dimethylamino-5- 
phenylphenazonium chloride; Amethyst violet contains NEt^ 
groups in positions 3 and 7, and is formed by oxidizing a 
mixture of diethyl-p-phenylenodiamine, diethaniline, and ani- 
line; Mauveine is of historical interest as it was the first 
aniline dye to be prepared {Perkin, 1856). It is the safranine 
dye, 2-methyl-3-amino-7-amlino-5-tolylphenazonium chloride. 

4. Another general method of preparing safranines is by 
the oxidation of a mixture of a p-nitrosodialkylamline with 
secondary bases derived from m-phenylenediamine ; e.g. nitroso- 
dimethylaniline (3 mols.) and diphenyl-m-phenylenediamine 
(2 mols.) yield p-aminodimethylaniline (1 mol.) and indazine 

M (2 mob.), MejN-C,Hs<f ^CeHs NHPh. The foUow- 
\NPhCK 

ing dyes are manufactured by this process: 
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Fast neatral violet B, 3*dimetliylamino-7-etb7lamino-5- 
ethylphenazonium chloride, from ^nitrosodimethylaniline and 
diethyl-m-phenylenediamine; Metaphenylene blue, 3-dimethyl- 
amino-T -tolylamino-5-tolylphenazonium chloride, from the 
same nitroso compound and di-o-tolyl-m-phenylenediamine ; 
Naphthasdne blue, 3-methylamino-7 -naphthylamino-5-naph- 
thylphenazonium chloride; Basle blue R, 3-dimethylamino-7- 
tolylamino-5-tolylnaphthazonium chloride, is obtained from 
the nitroso compound and 2 : 7-ditolylnaphthylenediamine, 
CiqH^(NH-C 7 H 7 )j, and yields the sulphonated dye, Basle 
blue S. 

5. Safranines can also be formed by fusing aminoazo com- 
pounds with primary arylamines and their salts. 

Naphthyl blue or Milling blue, a diphenylated dinaphtho- 






safranine, PhHN-CioH 5 <^ 


NPhCF 


CioHj-NHPh, is formed from 


benzeneazo-a-naphthylainine, a-naphthylamine and aniline 
hydrochloride, and is used in the form of a siilphonic acid. 
Magrdala red is a diamono-naphthyl-dinaphthazonium chloride, 
N 

and is used to a certain 

\N(C,oH,)CK 
extent on silk. 

The safranines are beautiful crystalline compounds with a 
metallic green lustre, are readily soluble in water, and dye 
yellowish red, violet, and blue, and for cotton usually re- 
quire a tannin mordant. 


(c) APOSAFRANINES. (Cf. p. 1045) 


These are usually divided into the rosindulines and iso- 
rosindulines. In the former the amino group is attached to 
a naphthalene residue, and in the latter to a benzene nucleus. 
The two groups give respectively red and blue shades. Many 
contain alphyl or aryl substituents in the amino group. 



•• oitboquinonoid iftlti 
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The aposafranines are formed by methods exactly analogous 
to numbers 4 and 5, given under safranines. 

Azocarmine Q, formed by fusing benzeneazo-a-naphthyl- 
amine with aniline and its hydrochloride and subsequently 
sulphonating, is sodium phenylrosindulinedisulphonate. Azo- 
carmine B is the sodium salt of the corresponding trisulphonic 
acid. Rosmduline 2G, obtained by heating the acid from 
Azocarmine B with water at 160®-180®, is the sodium salt of 
a monosulphonic acid of rosindone, which is the oxygen 
analogue of rosinduline, e,g. : 



Orthoquinonoid salt 


Rosinduline G is an isomeric monosulphonate, and both 
compounds are important wool dyes. Induline scarlet, pre- 
pared by melting the azo derivative of monoethyl-p-tolui^ne 
with a-naphthylamine hydrochloride, has ethyl in place of 
phenyl attached to N in position 5, and methyl in position 3. 
It is frequently used in conjunction with formaldehyde hydro- 
sulphite and rongalite for discharging colours. 

Neutral blue, a typical isorosinduline, contains the NMcj 
in position 2, and is obtained by heating nitrosodimethyl- 
aniline with phenyl- j8-naphthylamine. 

(d) INDULINES 

The first induline was prepared in 1863 by Dale and Caro 
by heating aniline hydrochloride with sodium nitrite, and was 
subsequently {Martius and Griess, 1866 ; Hoffmann and Geyger, 
1877) shown to be formed by the action of aniline hydro- 
chloride and aniline on aminoazobenzene at 160®. The group 
comprises blue, violet, and black dyestuffs, which are usually 
prepared by heating an aminoazo compound with a primary 
aryiamine and its salt, usually under pressure. When a p- 
phenylenediamine is used basic indulines are formed. All the 
products are insoluble in water, but on sulphonation give 
water soluble acid dyes. 

The formation of aposafranines, safranines, and indulines 
from aminoazo compounds and monoamine salts probably 
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proceeds in several stages. In the case of aniinoazobenzene 
itself: 

1. The isomerization of the ^p-azo compound to the hydra- 
zone form (cf. p. 467) NHa-CeH^-NiN CeHs NH:CeH 4 :N- 
NHCeHs. 

2. Molecular rearrangement during which the -NHCgHg group 
exchanges place with an ortho H atom of the nucleus (Chap. 
XXII, C2), NH:CeH4:N NHCeH5->NH:CeH3(NHCfiH5):NH, 
whereby an anilo derivative of jo-quinone is formed. 

3. The elimination of ammonia from the primary amine 
and the NH groups, and the formation of quinone anilides, 
CQH 5 N:CeH 3 (NHC 6 H 5 ):NC«H 5 , 2-anilinoquinone-l : 4-dianili(lc. 

4. The formation of a dianilino derivative, e.g. 2 ; 5-dianilino- 
quinone-1 : 4-dianilide, CeH 5 N:CgH 2 (NnC 6 H 5 ) 2 :NC 6 ll 5 , by tbe 
removal of hydrogen from the quinone nucleus and aniline. 
This probably occurs at the expense of the aminoazo com- 
pound, which becomes reduced to jr)-phenylenediamine, 

5. The final condensation of the dianilinoquinone anilide, 


PhHN— 

PhN^. 


'NllPh 


PhHN- 
PhN‘^ 




or corresponding: o-quinoid, 



and on further heating more anilino groups are introduced, 
and various indulines are formed. When benzene azo-a-naph- 
thylamine and aniline hydrochloride are used the anilino di- 
anilide (1) is formed, which condenses to (2): 



Fast blues R or B are made from aminoazobenzene, aniline, 
and aniline hydrochloride by heating for different periods; 
the longer the heating the bluer the shade. They are in- 
soluble and are largely used as pigments for colouring leather, 
polishes, and for newspaper printing. The final product by 
prolonged heating is luduliiie 6B, and contains 4 anilino groups 
in positions 2 : 3 : 7 : 8. The soluble fast blues obtained on 
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fliilphonation are iruportant/ dyes for wool, silk, and can also 
bo used for tannin cotton. I'Ijc milling blues arc tlje snlphonated 
compounds with naphthalene ring (2 above). The printing 
blues, acetin blues, and laevuline blues are solutions of the 
fast blues in ethyl tartaric acid, acetin, and laevulic acid 
respectively, and are used for cotton printing. Indamine 
blue is a basic dye obtained by using ^-phenylenediamine 
instead of aniline, and has the structure: 


PhHN- 

FhllN- 


-N- 


"'VN 








NH,. 


The nigrosines are made by heating nitrobenzene or nitroso- 
phenol, aniline, and aniline hydrochlorides with iron filings, 
and are used for pigments and shoe polishes. 

Aniline black is probably an azine dye (for structure see 
Greerif J. S. Dyers, 1913, 105, 338), and is produced by oxida- 
tion of aniline on the fabric. 


2. OXAZINE DYESTUFFS. (Cf. p. 1043) 

The first oxazine dyestuff to be manufactured was Mel- 
dola's blu6« 

Ciolb' >CeH3-N.Me,. 

It is obtained by condensing j9-naphthol (1 mol.) with an 
alcoholic solution of y-nitrosodimethylaniline, has dyeing 
properties, but is not fast to alkalis. It is an important leather 
dye. Blues which are much faster are obtained by condensing 
Meldola’s bine with arylamines, thus when condensed with 
jc^-aminodimethylaniline it yields new blue B, which has the 
•NH*CeH 4 *NMeg group in the naphthalene ring in position 
fara to the N of the oxazine ring. 

Capri blues, obtained from nitrosodimethylaniline and 
dialkyl-m-amino-p-cresols, are relatively fast, 

/OCl.. 



1052 


LIX. SYNTHETIC DYES 


Nile blue A, from nitrosodiethyl-m-aminopbenol and a-naph- 
thylaraino. 


Nile blue 2B, obtained by using benzyl-a-naphthylaraine, 
contains NHBz in place of NH 2 . 

Gallocyanine DH, from nitrosodimetJiylaniline and gallic 
acid in boiling methyl alcohol, is an important dye with both 
mordant and basic dyeing properties, 



Prune is the corresponding methyl ester. 

Delphin blue, obtained from gallocyanin by the action of ani- 
line and subsequent sulphonation, contains •NH*CgH 4 *S 03 NH 4 
in place of COgH. 

Gallamine blue paste has CO-NHj in place of COOH of 
gallamine. 

Correine BR is the NEtj analogue of gallamine blue. 

A new synthesis of oxaziues consists in condensing ^-naph- 
thaquinone, or its derivatives, in alcoholic solution with an 
o-amino-m-dialkylamino-phenol, e.g. the dimethyl analogue 
of Nile blue A is obtained from 4-amino-^-naphthaquinone and 
2-amino-4-dimethylaminophenol, 



A brilliant blue direct dye containing two oxazine rings is 
Sirius brilliant blue FFR, obtained by condensing chloranil 
with 3-amino-N-ethyl-carbazole followed by ring closure by 
boiling with nitrobenzene and finally sulphonating, 


Cl 
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All the latter compounds are mordant dyes, and can be 
used in the same manner as alizarin. 

3. THIAZINE DYESTUFFS. (Cf. p. 1043) 

Lauth*s violet (1876), the first member of this group to be 
prepared, has no commercial value. It is 2 : S-diamino-thia- 

.SCL 

zonium chloride, NHo*CgH 3 <f is prepared by 

\ 

oxidizing with ferric chloride an HCl solution of y-phenylene- 
diamine containing HgS, and its constitution was established 
by Bemthsen^ (A., 1885, 230, 73) by the following synthesis: 
Thiodiphenylamine and sulphur give anhydro-thiodiphenyl- 
amine. This can be nitrated to a dinitro compound, which can 
be reduced to the corresponding diamine identical with the 
leuco-base derived from LauiKs violet. 

Methylene blue B, 2:8- tetramethyldiaminothiazonium 
chloride, is manufactured by the modern process of oxidizing 
with dichromate a mixture of dimethyl-p-phenylenediamine 
and dimethylaniline in the presence of sodium thiosulphate 
and zinc chloride. It is an important dye for tannin cotton, 
is used as a stain in microscopy, and as the free base finds 
internal use in medicine. 

New methylene blue N, obtained by using monoethyl-o- 
toluidine instead of dimethylaniline, is 1 : 9-dLcaethyl-2 : 8-di- 
eth^laminothiazonium chloride. Methylene green 0 is the 
1-nitro derivative obtained by the action of nitrous and nitric 
acids on methylene blue B. !]^onine blue is the trimethylethyl 
analogue of methylene blue. Brilliaiit alizarin blue OB is 

and Indochromo- 


gene S, >CioH 8 (OH) 3 *S 03 Na, is ob- 

^ \ 

tained by condensing p-aminodiethylaniline with 1 : 2-naph- 
thaquinone-4 : 6-diBulphonic acid in dilute alkaline solution. 


nmo3C8H3<;^ 


X,H 3 ( 0 H) 8 -S 03 Na, 

^.S(S 03 Na)^ 
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I. Hydroxyketone Dyestuffs 

The following hydroxyketones act as dyestuffs: 

Alizarin yellow C (gallacetophcnone), 2 : 3 : 4-trihydroxy- 
acetophenone, is obtained by heating pyrogallol with acetic 
acid. Alizarin yellow A is the corresponding trihydroxy- 
benzophenone, Lawsone, 2-hydroxy-l : 4-naphthaquinone, is 
the common henna dye for hair, and 1 :3 :4'-trihydroxyflavone 
(Chap. LXIV, B.), known as Apigenin, is present in camomile 
and is also used as a hair dye. Alizarin black S is 1 : 2-di- 
hydroxy-5 : 8-naphthaquinone or naphthazarine (p. 575), but 
the best-known members are the hydroxyanthraquinone or 
alizarin dyes (Chap. XXXII, A.). 

These are all phenolic substances, and hence acid dyes; 
they all contain two hydroxyls in ortho positions. On cotton 
they are used as mordant dyes, i.e. for forming co-ordinated 
lakes with Cr, Al, Fe, &c., on the fabric. They are relatively 
fast colours, but have been replaced to a certain extent by the 
fast azo acid dyes and the azo mordant dyes (cf. this Chap., B.) 
for wool. The colour produced depends not only on the par- 
ticular dye used but also upon the mordant. 

Alizarin is made by fusing anthraquinone -2-sulphonic 
acid with alkali and chlorate. When the 2-acid is further sul- 
phonated, a mixture of 2 : 6- and 2 : 7-disul phonic acids is 
formed; the two acids can be separated by means of their 
sodium salts, and when fused with alkali the former yields 
1:2: 6-trihydroxyanthraquinone, flavoporpurin or alizarin 
X, and the latter the 1:2:7 isomeride known as anthrapur- 
purin. The 1:2:4 compound known as purpurin is found in 
madder, and can be obtained by oxidizing alizarin with sul- 
phuric acid and MnOg. The 1:2:3 compound, anthracene 
brown (anthragallol), is obtained by condensing benzoic and 
gallic acids in sulphuric acid solutions, and is usually accom- 
panied by some 1 : 2 : 3 : 5 : 6 : 7-hexahydroxyanthraquinone 
or anthracene brown SW. 

Alizarin bordeanz B, 1 : 2 : 6 : 8-tetrahydroxyanthraquin- 
one, is obtained by oxidizing alizarin with fuming sulphuric 
acid, and hydrolysing the resulting sulphonic acid with 80 per 
cent acid, and when oxidized with sulphuric acid and MnO^ 
it yields anthracene blue WE, 1 : 2 : 4 : 5 : 6 : 8-hexahydroxy- 
anthraquinone. 

Numerous sulphonic acids, obtained by heating the above- 
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mentioned dyesiullH with fuming 8ul[)huric acid, are known. 
Alizarin itself yields alizarin red S or alizarin carmine, 
sodium 1 : 2"diliydroxyantliraquinone-3-sulphonate. Alizarin 
garnet is 1 : 2~dihydroxy-4-amino-anthraquinone, and is ob- 
tained by nitrating alizarin dibenzoate, hydrolysing and 
reducing with sodium sulphide. Alizarin SSS is sodium 
1:2: G-trihydroxyanthraquinone-sulphonate. These are acid 
dyes. 

Simple alizarin derivatives used as dyes are the 3-nitro 
(alizarin orange), 3-amino (alizarin maroon), and the -t-amino 
(alizarin garnet). 

Numerous amino- or aryl- amino-anthraquinones are formed 
by the simple reaction between hydroxyanthraquinones and 
ammonia or arylamines, especially in presence of boric acid, 
and form an extremely important group of dyestuffs, including 
their sulphonic acid. Purpurin (1:2: 4-trihydroxy) yields 
l-amino-2 : 4-dihydroxyanthraquinone. 

Quinizarin (1 : 4-dihydroxy) and ^-toluidine give l-hydroxy- 
4-tolylamino-anthraquinone, the 2'*sulphonic acid of w^hich is 
alizarin irisol, and this gives violet blue shades on chrome 
mordanted wool. Quinalizarin (1 : 2 : 5 : 8 - hydroxy) and 
p-toluidine yield alizarin viridine, l:2-dihydroxy-5:8-di- 
p-tolylamino-anthraquinone, which gives green shades on 
chrome mordanted wool. 

Quinizarin green is obtained by the action of p-toluidine 
or 1 : 4-dichloroanthraquinone and subsequent sulphonation. 

A more complex alizarin dye is alizarin saphirol B (Solway 
blue). Anthrarufin (1 : 5-dihydroxy) sulphonated yields the 
2 : 6-disulphomc acid, and this nitrated gives 4 : 8-dinitro- 
1 : 5-dihydroxyanthraquinone-2 : 6-disulphonic acid, which on 
reduction yields the corresponding diamino-compound the 
sodium salt of which is alizarin saphirol B. This gives pure 
blue shades on wool from an acid bath, and with a chrome 
mordant green blue shades very fast to light. The corre- 
sponding 4 : 8>diethylamine is alazarin direct blue EB. 


Cyanthrol R» 


C.H.. 


^CO\ 


C,HMe(NHs)(NH-CeH3Me-SOjNa), 


is formed from 2-methylanthraquinone, nitrating to the 1- 
nitro-compound, reducing to the 1-amine, bromination to the 
4-bromo-compound, replacing the bromine by the p-tolyl- 
amino group, and finally sulphonating. 
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Alizario blue, obtamed by beating 3-mtroaiizarin and the 
corresponding amino-compound with glycerine and sulphuric 
acid, has a pyridine nucleus condensed in position 3 : 4, and 
with bisulphite gives the disulphonic acid idizarin blue 8, 



All anthraquinones with -NKj and •S-CHj-COjH in ortho 
positions are water soluble, and can dye wool from a sodium 
acetate bath, and then by treatment with hot dilute acid the 
soluble compound is converted into the coloured insoluble 
lactam, 

.XH, /NliCO 

x< x/ I 

^SCHj-CO.H ^S-CII^ 

pigments fast to washing and milling. 

J. Sulphide Dyestufifs 

The first dyestuffs of any importance to be manufactured 
were vidal black, obtained in 1893 by fusing p-aminophenol 
with sulphur, and fast black B from 1 ; 8-dinitronaphthalene 
and sulphur. Since that time numerous yellow, brown, green, 
blue, and black dyes have been obtained by treating various 
compounds, e.g. aminohydrozyphenazines, with sodium poly- 
sulphide. 

Fim-David (J. Soc. Dyers, 1936, 50) concludes that many 
of these contain several thiazine groups united by — S— 

I 

group or several such groups, or by these and — S — or — S — S — 
groups. 
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K. Vat Dyestuffs 

This is the nf^me given to a series of insoluble dyestuffs 
which can be reduced to alkali soluble ieuco -compounds. 
Many of the leuco-compounds are now sent out in stable solid 
forms, e.g. seledon colours. The fabric is immersed in the solu- 
tion of the leuco-compound, which is then oxidized, usually 
by atmospheric oxygen, to the dyestuff on the fibre. They 
contain the :CO or :CS group, which yield :CH-OH or :CH*SH 
on reduction. 

The two main sub-groups are: 

I. Indigoid vat dyestuffs. 

II. Anthraquinone vat dyestuffs. 


I. INDIGOID VAT DYESTUFFS 


The best known of these is indigo itself, and this has been 
dealt with in Chap. XLI, C. From many points of view the 
indigo question is one of interest to chemists. Within 
recent years the synthetic product has replaced, to a large 
extent, the natural dye. This is clear from the fact that the 
acreage under cultivation in India had fallen from nearly 

1.500.000 acres in 1893 to about 150,000 in 1914. The War 
revived interest in the natural product, and in 1917 about 

750.000 acres were under cultivation, but this acreage has 
again fallen.* According to H. E, Armstrong, the synthetic 
dye is inferior in dyeing properties to the natural product, 
owing to the presence of other dyes in the latter. 

For reference the following system of numbering is used: 


1 



6 * 




For alternative formula II, cf. Robinson, C. and I., 1933, 137. 



• Cf. Chftp. XII in Gardner’* The British Coal Tar Industry. 
( i 450 ) 39 
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By direct bromination it is possible to replace froin one to 
6 atoms of hydrogen in the following order: 5, 5', 7, 7', 4, 4'. 
6 : 6'-Dibromoindigo, obtained from 4-bronio-2-amino benzoic 
acid, is identical with one of the constituents of the ancient 
Tyrian purple. Chloro-derivatives may be prepared from 
chlorinated phenylglycine-carboxylic acids. The halogenated 
indigos are brighter and much faster to bleaching agents than 
indigo itself. Ciba blue 2B, or 5 : 5' : 7 : 7'-tetrabromoindigo 
is a dye of considerable commercial importance. The corre- 
sponding tetrachloro compound is brilliant indigo B, and the 
4 : 4'-dichloro-5 : 5'-dibromoindigotin is brilliant indigo 4G. 
The introduction of other groups, e.g. amino, alters the colour, 
thus Ciba brown R is the tetrabromo-b-G'-diamino-indigotin. 

Indigo derivatives can be synthesized by condensing isatin 
with compounds containing reactive methylene groups, e.g. 
benzocoumarone . 

The corresponding naphthalene homologues of indigo can 
be synthesized from a- and ^-naphthylamines by the chloro- 
acetic acid method. They are somewhat fugitive green dye- 
stuffs; the /3-compound when brominated gives a dibromo 
derivative known as Ciba green 0, 



H,Br. 


Indigo yellow 8G from benzoylated indigotin and alkali; 
it is important, as when used in the same vat with indigt) it 
gives uniform shades of green. It has been shown (1932) to 
have the structure 



The fhioindigoa are compounds of commercial importance 
{Friedlander, 1905), and contain two 8 atoms in place of the two 
NH groups. The numbering is the same (cf. p. 1057), the two 
8 atoms being 1 and 1'. Thioindigo red B (III), the parent com- 
pound, is obtained by alkali fusion of phenylthioglycollic-o- 
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carboxylic acid I, and oxidizing the resulting thioindoxyl (II) 
with potassium ferricyanide : 


I CeH,< 


/COOH 

^SCHi-COOH 

jxr 


II c,h/^%ch. 

v.s^ 


Ill ,( 


Numerous halogenated, alkylated, and amino-derivatives of 
this compound have been prepared. An interesting syn- 
thesis of thioindigo red is by condensing acetylene dichloride 
with sodium thiosalicylate to acetylene- bis- thiosalicyclic acid, 
C 02 Na CeH 4 S*CH:CH‘S CeH 4 -C 02 H, which readily loses water 
yielding the dye. Corresponding derivatives of the naph- 
thalene series are also known. 

The colours of the thioindigo compounds vary not only 
with the substituents but with their positions. Thus in the 
5 : b'-positions they tend to deepen the shade, but in 6 : 6'- 
positions to lighten it. Indanthrene brilliant pink R, 6 : 6'- 
dichloro-4 : 4'-dimethylthioindigo, is a brilliant dye with re- 
markable fastness. 

An important member is Ciba red 0 or Thioindigo scarlet 

Q, 2'-thionaphthene-5 : 7-dibromo-3-indolindigo, 




,cx\ 


,X- 




;nh. 


and is obtained by condensing isatin with a-hydroxythionaph- 
thene and brominating. 

Ciba scarlet G is 2'-thionaphthene-aoenaphthene indigo and 


.CO\ 

c,H/ >c: 

\8-X 



is obtained by condensing acenaphthaquinone with hydroxy- 
thionaphthene. 

Ciba violet has one NH and one S, and is intermediate be- 
tween indigo and thioindigo. It is obtained by condensing 
isatin-a-an^de with thioindoxyl, and its tribromo-derivative 
is Ciba violet B. 
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n. ANTHRAQUINONE VAT DYESTUFFS 

These comprise some of the fastest dyes known, and theii 
use has increased enormously within recent years, e.g. a com- 
parison of 1928 with 1913 shows an increase in the British con- 
sumption of 174 per cent as compared with an increase of 32 per 
cent for all classes of dyestuffs. This increased use has added to 
the importance of the anthracene and anthraquinone industries. 
The dyestuffs are conveniently divided into the 5 groups: 

1. Acylammoanthraqoinones. 

2. Anthraimides (polyanthraquinoylamines). 

3. Hydroazines. 

4. Complex cyclic quinones. 

5. Anthraquinone acridones. 

They are all derivatives of anthraquinone, and as vat dyes 
are converted into leuco-compounds (>CO -> >CH-ONa) by 
alkaline hydrosulphite. The vats from which the dyeing takes 
place are not colourless — as in the case of indigo — but deeply 
coloured, and the dye is developed by oxidation on the fibre. 

Soluble anihraquiTtone dyes . — By the action of fuming 
sulphuric acid or chlorosulphonic esters with a reducing metal 
and a tertiary base the dye is converted into the acid sul- 
phuric ester of the leuco-compound >CH* 0 *S 03 H. These 
products are placed on the market in the form of pastes 
(Soledon colours) each corresponding with a Caledon dyestuff. 
They are soluble in water, and the solution dyes wool, silk, 
and cotton direct from a sodium sulphate bath. The colour is 
finally developed by hydrolysis and oxidation with cold nitrous 
acid or acid dichromate, Indigoid dyes can be treated similarly. 

1. Acylaminoanthraquinon^. — ^Argol yellow DfO, l>benzoyl- 
amino-anthraquinone, C^H 4 (CO)g*C 0 H 3 *NH’COPh, dyes cotton 
fast yellow shades from a hydrosulphite bath. Numerous 
other aroylamino compounds are known, and are generally 
termed a^ol colours or more commonly as Indimthrene 
dyes. They are often prepared by the reaction between the 
acid and the amine, and are generally used in a dilute alkaline 
bath to prevent hydrolysis of the aroyl group. 

Succinic acid yields Algol yellow 80» 1 : r-succinylo-amino- 
anthraquinone. 

2. Anthraimides containing two anthraquinone residues 
united by a NH group, e.g. Indanthrene CMrange SBTKi 
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CeH4(CO)2^CeH3-NH*CeH3(CO)2*CeH4, prepared by the con< 
densation of 2 -ch.loro- with 1 -amino-anthraquinone. Better 
known are the trianthraquinonylamines with two NH groups, 
e.g. Bordeaux 3B, di- 4 '-methoxy-l»anthraquinonyl -2 : 6 -di- 
amino - anthraquinone, CeH4(CO)2C6Ho(OMe)*NH'C3H3{CO)2 
CeH3*NH C4H2(OMe)(CO)2C,H4, and Indanthrene red E, di- 
l-anthraquinonyl- 2 - : 7 -diamino-anthraquinone. 

The complex dye Algol red B, I, is formed in the follow- 


o o 



ing stages : 1 - chloroanthraquinone 1 - methylaminoanthra - 
quinone~> acetyl derivative (-NMeAc in l)~>ring closure by 
aid of alkalis to N-methylanthraquinone pyridone, II, 
bromination in 4 position replacement of Br by 2 -amino- 
quinonyl group. i 


3 . Hydroazines contain the group 




attached to 


two anthraquinone groups, e.g. Indanthrone, I, N-dihydro- 
1 : 2 : 1 ': 2 '-anthraquinoneazine, known as Indanthrene bine 
R, Caledon blue R or Dnranthrene blue.’*' 



•The namee Indanthrene, Caledon and Duranthrenc are used by dif- 
ferent maken to denote the same dyestuff. 
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It is the oldest and one of the most important members of 
the grcaij), and is manufactured by heating 2-aminoanthra- 
quinone with potash and potassium nitrate. Its structure has 
been proved by synthesis, e.g. condensation of 1 : 2-diamino- 
anthraquinone with 1 : 2-dihromoanthraquinone, or Ullniann's 
condensation of 2 mols. of l-amino-2-bromoanthraquinone 
with copper pow^der. It is extremely stable to temperature, 
acids and alkalis, and with hydrosulphite yields a blue vat 
consisting of the disodium salt (two -CH-ONa in one ring), 
and is used for dyeing cotton from a strong alkaline vat and 
is faster to light and washing than indigo. Its halogenated 
products have greener shades. 

Its oxidation product (2N in place of 2NH) 1 : 2 : T : 2'- 
anthraquinoneazine II is knowm as Flavanthrone or Indan- 
threne yellow G, and is formed when 2-anunoanthraquinone 
is fused with potash at 330^-350°, or better, by heating the 
amine with PClg in boiling nitro-benzene. It dyes cotton a 
brilliant yellow from a purple-blue vat, but show^s a tendency to 
become reduced on exposure to light to indanthrone, but is used 
for producing green shades by admixture with blue vat dyes. 

4. Complex quiuones. — ^Anthraquinone itself is not a mordant 
dye but its 1 : 2-dihydroxy derivatives are. On the other hand, 
certain complex cyclic quinones have dyeing properties in the 
absence of hydroxyl groups. They are not mordant dyes like 
alizarin but vat dyes, and are dyed from the reduced dye vat. 
The essentials for the producing of dyeing properties are : (o) the 
presence of at least two carbonyl groups joined by a conjugated 
system of olefine links; (6) the condensed rings must contain 
either the pyrene or perylene structure (Chap. XXXII, C.), i. e. 
most rings must be condensed with more than two other rings. 

A common method for the formation of some of these com- 
poimds isby thecycli^ationof C-aroyl derivatives of naphthalene 
or anthracene with aluminium chloride or sulphuric acid. 
A new 6-carbon ring is formed (II) by union of the ortho C 
atom of the aryl group of the *C0Ar complex with the second 
peri position in the naphthalene molecule (marked X and X in I). 



II 11 10 

benaiantbrono 


phonyl tt-niiphthyl ketono 
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Similarly, the dibenzoyl a-dinaphthyl gives dibenzanthrone 
(p. 1064), and benzoylbenzanthrone yields dibenzpyrene- 
quinone III. 



Among some of the commoner dyes are: 

1 . Pyranthrone * I is known in the industry as Indanthrene 
golden orange G, and is an extremely fast orange dye yielding 
a purple-red hydrosulphite vat. It is usually made from 
(iimethyl-dianthraquinonyl by heating at 350°-380°, by fusing 
with zinc chloride at 2^®, or by heating with caustic soda 
and alcohol at 150°, and its structure follows from its formation 
from dibenzoylpyrene by cyclization with AlClg at 160°. Its 
halogen derivatives give redder shades. 


O 



2. Anthanthrone II is formed by the action of sulphuric 
acid or AlClg on the 2 : 2'- or 8 : 8'-carboxylic acid of 1:1'- 
dinaphthyl III. It is used mainly in the form of its halogen 
derivatives, e.g. the dichloro-compound is Indanthrene brilliant 
orange OK and RK. 



•Certain rings are emphasised in order to show the pyrene structure 
present in the molecule. 
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3. Dibenzypyreneamnones, especially the 3:4:8: 9*di- 
benzpyrene-5 : 10-quinone IV, which is known as Indan^ 
threne golden yellow GK» and its dibromo derivative as BE. 


0 

li 1 



4. Dibenzanthrone. The 2 : 2' : 13 : 13'-dibenzanthrone V 
is a dark-blue vat dye known as Indanthrene dark-blue BO. 
It is made from benzanthrone VI, and caustic soda at 
230°-240°, an intermediate being dibenzanthronyl VII, and 

13 ISr 

V 



VI 


its structure follows from its formation from 4: 4'- diben- 
zoyl-1 : T- dinaphthyl VIII and AlCla- Chlorination yields 
Indanthrene violet BT, and nitration and reduction yields 
aminodibenzanthrone or Indanthrene green B, and tlus on 
oxidation with sodium hypochlorite gives the fastest black 
known, viz. Indanthrene black BB. 


VIII 





A better method for making dibenzanthrone is by heating 
benzanthrone with alcoholic potash at 100"^ and fusing the 
resulting 2 : 2^-dibenzanthranoyl with potash or oxidizmg it 
in acid liquor. Benzanthrone with manganese dioxide and 
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sulphuric acid at 0® gives 13 : 13'«dibenzanthrauoyi, together 
with some 12'hydroxybeuzanthroiie (IX), 


OH 



The corresponding 12 : ri'-dihydroxydibenzanthrone^ ob- 
tained by oxidizing dibenzanthrone in the same way, is value- 
less as a dye, but its dimethyl ether ^ formed by methylation with 
methyl sulphate in nitro-benzene, is Caledon jade green, which 
gives a brilliant blue-green shade and is one of the fastest 
dyes known. Its structure follows from its formation from 

1 2- hydroxy beiizanthrone by methylating and fusing the 
methyl ether with potash at ISC'. The ethylene ether (-O-CHg* 
CH2*0 in place of 2CH30‘) is an imx>ortant blue dye. 

5. Isodibenzanthrone, obtained by the condensation of 

13- chlorobenzanthrone with potash, is known as Indanthrene 
violet B extra {Caledon purple R), 



6. Anthraquinone aoridones, 2 : 1-anthraquinoneacridone, 
1 -chloroanthraquinone and anthranilic acid in presence of 
copper powder and sodium acetate yield 1-anthraquinonyl-N- 
anthranilic acid, which gives the acridone with sulphuric acid 



or AICI3. It is a fast dye with a weak violet-red shade. The 
dichloro compound with chlorine in positions X is Indan^ 
tbrene red-vimet BBK and is the best vat dye for pink shades. 

( 8 480 ) »6 • 
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2:1:6: 5*Aiitlira(juinoiie-bi.sacri<lone, 



is Indanthrene violet BN. 

Tlie carbazole derivative, 

1 /0(X 

C,H,< >C.H, 

HJO" CO 

obtained by oxidizing 1 : r-dianthraquinonylarnine, is a fast 
yellow dye. Similar carbazole compounds, obtained by con- 
densing 2 mols. of phthalic anhydride with N-ethylcarbazole, 
with Et attached to N and carbazole ring in 2 : 3 and 2:3'- 
position, is Hydron yellow G. 

The compound 



is the bright-red dye Caledon red €K>, obtained by fusing 1 : 8- 
naphthalene-imide with potash and methylating the diimide 
of perylene-3 : 4 : 9 : lO-tetracarboxylic acid so formed. 


L. Phthalocyanines 


These form a group of pigments the discovery of which was 
based on the observation that by passing ammonia into crude 
phthaUmide contained in an iron pot a dark-blue by-product is 
formed. The parent substance phthalocyanine has been shown 
by lAnstead and others (J. C. S., 1934, 1016) to have the structure 




-N N 


Cu 


— \— 
I I 
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A good yield of copper- phthalocyanine is formed from 
phthalonitrile, o-C<,H 4 (CN )2 (4 mols.), and copper (1 at.) and 
has the copper attached to the 4 central N atoms in the above 
formula. It replaces 2 hydrogen atoms, and is thus attached 
to 2 N atoms by covalent links and to the other two by co- 
ordinate links, i.e. each of the two nitrogen atoms gives a lone 
pair of electrons to the copper atom. 

The metallic phthalocyanines are characterized by their 
intense reddish- to greenish-blue colour, by their great stability, 
e.g. the copper compound sublimes at 550°-580® and is un- 
afiected by concentrated sulphuric acid. The structure given 
above has been confirmed by Robert son^s X-ray study of the 
crystal structure (J. C. S., 1935, 615; 1936, 1195). The com- 
pounds crystallize extremely readily, and the H, Cu and Ni 
compounds are all isomorphous. The copper compound is 
also formed by heating o-halogenated benzonitriles or benza- 
mides with cuprous cyanide, and the lead compound, a bright- 
green pigment, by heating phthalonitrile with lead or lead 
carbonate. The phthalonitrile can be obtained by treating 
phthalimide with phosgene in pyridine or dimethylaniline 
solution. 

They are valuable pigments in the plastic, varnish, paper 
and rubber industries. For use they are generally ground in 
the presence of a water soluble dispersing agent such as sul- 
phonated oils or sulphated higher fatty alcohols. 


M. Acetate Cellulose Dyes 

In the rayon fabrics of the acetylcellulose type, e.g. celanese, 
no free hydroxyl groups are present, and they cannot be 
dyed with direct cotton dyestuffs, but can take up coloured 
substances with neutral, feebly basic or feebly acidic proper- 
ties, especially those soluble in organic solvents but sparingly 
soluble in water, Hence the dyeing process is regarded as a 
case of solid solvent rather than chemical activity. The shot- 
silk effects are produced by using a rayon fabric with a viscose 
warp and celanese weft, using a combination of a direct cotton 
dyestuff with an acetate silk dyestuff. Important groups of 
acetate silk dyes are: 

1. lonamiiiM (Green and Saunders^ 1922) or amino-azo- 
niethyl-omega sulphonates, X-N:N*YNH-CH8‘S08Na or 
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X-NrN’Y-NR^CHj-SOaNa, obtained by coupling diazonium 
salts with methyl-omega sulphonic acids of primary and 
secondary amines (J. S. D. Col., 1923, 10; 1924, 138). In the 
hot dye bath in contact with the fibre they slowly undergo 
hydrolysis, especially in the presence of a small amount of 
free acid or alkali, giving formaldehyde bisulphite and the 
free amino-azo compound X‘N 2 *Y-NH 2 or X*N 2 *Y*NHR, 
which is taken up by the fibre. The amino-azo compound so 
formed can be utilized direct or can be diazotized on the 
fabric and coupled with phenols, especially 2-hydroxy-3- 
naphthoic acid. lonamine B is obtained by coupling p-nitro- 
phenyldiazonium chloride with aniline-methyl-omega sul- 
phonic acid (sulphomethylaniline), NO 2 -C 0 H 4 *N 2 *C 8 H 4 *NH 
CH 2 *S 03 Na, and lonamine black AS is the corresponding 
dimethylamine compound with NMe 2 in place of NOj. 

2. Dispersol Dyes. — Unsulphonated azo dyes, e.g. soudans, 
oil yellows, have a certain affinity for acetate silk fibres, but 
as they are insoluble they are rendered into a colloidal state 
by means of a sulphonated oil, e.g. sulphonated ricinoleic acid. 
Dispersol yellow 8 G 8 is obtained by coupling benzenediazo- 
nium chloride with 1 : 3-dihydroxyquinoline and emulsifying. 

3. Dnranol dyes, which are faster than most azo dyes, are 
unsulphonated amino derivatives of anthraquinone in ool 
loidal suspension, e.g. with the condensation product of for- 
maldehyde with naphthalene-sulphonic acids and subse- 
quently neutralizing with ammonia. l-Amino-anthraquinone 
gives yellow, the 1 : 5-diamino red, and the 1 : 4-diamino- 
compound crimson shades, and diaminoanthrarufin gives a 
blue shade. Also amino-anthraquinone with COjH or SOgH 
ortho to NH or NHg group or sulphonic acids from amino- 
anthraquinones may be us^. 


N. Pigments 

Insoluble organic colouring matters are replacing to a 
certain extent the older inorganic pigments, although on the 
whole they are not so resistant to light and air. They may be 
used either for the manufacture of a paint or for incorporation 
with rubber or the newer plastics, and require to be reduced 
to a very fine state of division by milling. 

Among the older substances are Prussian blue, the eosius 
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deposited on basic lead acetate, and the alizarin lakes. More 
recently the lakes formed from tripiienylmethane dyes with 
])hosphomolybdo-tungHtic acid have come into use under 
the names of Fanal and Eular, colours which are extremely 
fast, and still more recently the phthalocyanines and the 
chrome lakes of azo dyes. 


LX. PLASTICS • 

This term comprises many different types of compounds, 
both mxtural and synthetic, characterized by their being 
pliable or capable of being moulded and yet by suitable treat- 
ment, e.g. heat or chemical reagents, being transformed into 
extremely hard and sometimes brittle substances. Rubber 
belongs to this group but has been dealt with in another 
chapter. It differs from other plastics in its marked elasticity. 
No field of organic chemistry has made more rapid advances 
during the period 1926-39. 

The more common types of plastics may be grouped in the 
following main classes: I. Bitumens. 11. Natural Resins. 
III. Synthetic Resins, including polymerization resins, bake- 
lites, urea formaldehyde resins, casein or lactoid resins, and 
cellulose ester and ether plastics. 

A. Bitumens 

These are natural dark-coloured resins found mainly in the 
Rocky Mountains, and were used for moulding and electrical 
insulators, but have been largely replaced by Bakelite. Bitu- 
men was used by the Egyptians for impregnating the wrap- 
pings of mummies. 

• 1. Synthetic Rjitim and Applied Plastics. Edited^by R. S. Morcll (London, 
Oxford Univ. Pi«8s, 1987). 

2. • ** The Approach of Plaitics to Rubber,” Barron, C. I., 1938, 652, 

8. Artificial Resins, Scheiber and Sandez. Tram, by Fyleman, 

4, Chemical Structure rf Plattia, C. 1,, 1942, 201, 
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B. Natural Resins ♦ 

This constitutes a grou }3 of many different substances used 
in different industries. The commonest is ordinary resin, 
which has been dealt with in Chap, XXXII, B3. Another 
extremely important resin is Shellac, manufactured from East 
Indian lac, an exudation from the lac insect {Tacchardia laoca), 
which grows on certain species of jungle trees. Some 20,(XX) 
tons are manufactured per annum, and it is largely used for 
high-grade varnishes and lacquers and also for gramophone 
records of the rigid type. Other resins are copal, dammar, 
dragon's blood and amb^, and numerous others. Many have 
been investigated, but their exact composition and structures 
have not been determined (cf. J. C. S., 1935, 633, 1576). 


Lignanes 


The wood, rhizomes, seeds, oils and resins of many plants 
yield products containing a — C 3 skeleton or a dimeride of 
this. The simplest example is isopropyl benzene, the skeleton 
of which is found in safrole and eugenol; cinnamic, ferulic 
and caffeic acids also contain the — Cg skeleton. The term 
lignane has been given to the hydrocarbon with 2 — Cg com- 

plexes united by the /S-carbon atom of the Cg chain, 


ft 


4 

s 



s 


(; 

8 9 

V C 
10 11 
xC-C 

/ 

Cia 


18 , ^ ' 

/ 

V" 


14 

U 


14 


and this is the parent substance of the components of many 
natural resins. By union between Cj and C^g, a 1 -phenyl- 
naphthalene derivative is formed. 


• For statistics, cf. C. and I,, 1937, 439. In G. B. value £7,260,000 in 1936. 
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Guaiaretic acid, 02^,112404, the chief constituent of guaiacum 
resin, has been shown to be 9 : 1 1 -dimethyl-S : IG-dihydroxy- 
4 : 15-dimethoxy-A’*’^® lignane {Haworth and others, J. 0. S., 
1934, 1423; 1935, 120). Z-Mataireainol, C2oH220e, from the 
heartwood of Podocarpus spicatus (matai), has the two OH and 
two OMe in the same position as in guaiaretic acid, but has 
no olefine link and has carbons numbered 8 and 10 united by 

8CH CO . 

the -CO'O'CHj forming the ring I yO, l-Hinokininy 

CgoHiaOg, from the resin of Japanese cypress {Cupressus obtusa), 

.0 


is the methylenedioxy analogue of matai resinol, two CH 


% 


0 


in place of two OMe, OH groups. Cubehiriy C20H20O4, from the 
unripe fruit of Piper cubela, has the two methylenedioxy 
groups and a CHO group in position 9 and a CHgOH in 
position 11. Conidsndrin, C 2 oH 2 oOe, from European spruce 
(Picea ahie8)y Japanese hemlock (Tsuga sicholdii) and also 
waste sulphite liquors in chemical pulp factories, is analogous 
to matairesinol but with a union between and Cji (cf. 
Haworth^ Rep., 1936, 270 et seq.). 


C. Synthetic Resins • 

The synthetic resin industry is rapidly becoming an impor- 
tant factor in world commerce (“ The Rise of the Plastics 
Industry ”, F. Sproxton, C. and I., 1938, 607). The production 
in 1934 is estimated at about 70,000 tons, valued at 6 million 
pounds. The chief class is the phenolformaldehyde type 
followed by the glyptal. The output of natural resins is esti- 
mated at about 750,000 tons, of which 80 per cent is colo- 
phony and 18 per cent shellac. The synthetic resins vary 
enormously in properties; the colour varies from complete 
transparency to opaque black, and in texture from soft to 
hard, tough to friable, and brittle to elastic. They are all non- 
crys^line, and X-ray examination shows only a limited 
degree of structural regularity. They closely resemble glass, 
and are hence sometimes termed ** organic glasses There 
are two main types, viz. : 

• For ttatittics, cf. C. and I,, 1038, 3. 
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1, Thermoplastic^ wkich soften when heated and harden 
again on cooling, and which dissolve in certain solvents. They 
are probably long-chain compounds practically uniplanar. 
Examples are the polymerized olefines, vinyl plastics, novolak 
resins. , 

2. Thermo-hardening resins , — These are plastic when formed, 
but when heated become hard and non-soluble. They are not 
softened on reheating, and include bakelite resins, urea-for- 
maldehyde resins, glyptala. 


1. POLYMERIZATION RESINS • 


These are colourless, transparent or semi-transparent poly- 
merization products of such unsaturated compounds as cou- 
marone, indene, styrene, itaconic acid, vinyl halides, esters 
and ethers, acryl compounds and methylene ketones, all of 
which are characterized by containing at least one vinyl group, 
>CH: CHg. As a rule most of the products have low softening 
points, and also absorb water to a certain extent. They are 
clear, resilient, and can be turned on a lathe, and are also 
excellent for use as an inner layer in the manufacture of triplex 
glass or as a glass substitute, and for fountain-pen reservoirs, 
also for varnishes and linoleum. 

The vinyl compounds are usually made from acetylene by 
addition of hydrogen halide (cf. Duprene, Chap. LXI, E3), 
acetic acid or chloracetic acid, using a mercury salt catalyst. 

CH3 

The methylene ketones, e.g. CHg-CO’CY , are obtained by 


VyXlj 

condensing an ethyl ketone with 40 per cent formaldehyde in 
alkaline solution and heating the resulting hydroxy compound 
with zinc chloride, when water is eliminated and the un- 
saturated ketone formed. 


RCOCH^CH, + CH,0 


RCOCH< 


/CH, 

CH.OH 


ROD* 



The chief commercial products are the polymerized styrene, 
methyl acrylate and methyl methylacrylate; the latter, 
CHj:C(CH 3 )*CO,CH 8 , readily polymerizes as a transparent 


•Morgan and others, C. and L, 1936, 319* 1937, 103, Trim. Far;, 1936, 
1-412. Kierde, J. C, S. I., 1936, 229, T. Polymerizatim and its Appiicoh 
ttonSf New York, 1937. High Polymers^ Vols. 1 and II, New York, 1941. 
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light-proof resin used under the name of perspex as a glass 
substitute. It is prepared by the action of methyl alcohol 
and sulphuric acid on aoetone-cyanhydrin, 

(CH,),C(OH)CN CH,:C(CH,) CO*Me. 


In the granular form obtained by polymerization of the 
emulsified ester the product is known as diakon, and is used 
in moulding processes. Both methylacrylonitrile, CHg: CMe*CN, 
and methylacrylamide, CHj : CMe-CO-NHj, are used for making 
pol)mieric plastics. The softer polymerized methyl acrylate is 
used in the textile industry for laminated glass layers, and the 
harder methyl horaologue is also used for lacquers and mould- 
ing powders (cf. C. and I., 1938, 141). 

Polystyrene is largely used in the electrical industry. 

Many vinyl compounds pol 3 ncnerize spontaneously in light, 
some quiokly, others slowly, but the process is accelerated by 
the addition of 0-1 per cent of a peroxide, e.g. benzoylperoxide, 
and to obtain products free from gas bubbles the process is 
often carried out in solution and subsequent removal of the 
solvent. 

Siaudinger gives the following types of synthetic high 
polyme rides and the natural products which may be regarded 
as their analogues: 


Polymmxed 

1. Formaldehyde. 

2. St3rrene. 

3. Vinyl alcohol. 

4. Sodium 

acrylate. 


Insoluble. 

Homopolar colloids. Or- 
ganosols. 

Mol. colloids with co-ordi- 
nate links. Hydrosols. 
Hetcropolar mol, colloids. 
Hydrosols. 


Analogue 

Cellulose. 

Caoutchouc. 

Starch. 

Cellulose xanthogenate 
and proteins. 


They are all of the type 

— XCHCH,[CHXCH,]nCHXCHg— 

where X « H, Ph, OH or COO, Na. 

Various attempts have been made to establish relationship 
between structure and ease of polymerization, but so far only 
a few simple generalizations are possible. Ethylene and 
propylene polymerize only with difficulty, the unsymmetrical 
mmethyl- or dichloro-ethylenes or butadiene readily, and 



1074 


LX. PLASTICS 


phenylethylene (styrene) and acetyletliylene, CHa-CO-CH : CHj, 
extremely readily. Generally symmetrically substituted 
olefines polymerize less readily than their unsymmetrical 
isomers. In the following conjugat/cd compounds — butadiene, 
acrylaldehyde, acrylic acid and methylacrylate — the intro- 
duction of a methyl group a to the olefine bond tends to inhibit 
polymerization, whereas a j3-methyl group increases the 
tendency to polymerization. 

Polymerization of unsaturated compounds can occur under 
different conditions; 

(1) Spontaneously at moderate temperatures, e.g. formal- 
dehyde, styrene. 

(2) By light, e.g. vinyl chloride, bromide or acetate ; 

(3) By means of catalysts, e.g. Florida earth, certain halides, 
e.g. BF3, SnCl^, AICI3, and formic acid. 

Compounds which polymerize only in the presence of a 
catalyst are isobutylene, anethole, indene. 

The nature of the product, e.g. whether a dimeride, a tri- 
meride, or a highly polymerized product, depends on the 
original substance and also on the conditions, e.g. styrene in 
the presence of a catalyst can yield a dimeride, whereas at 
moderate temperature without a catalyst highly polymerized 
products are slowly produced. 

Two views are held as to the manner in which polymeriza- 
tion occurs: 

(1) The hydrogen separation hypothesis , — Union is supposed 
to occur after the shifting of a hydrogen atom from one mole- 
cule to a second, e.g. 


CHs-CH :^JJCH2 CH:0 CH3 Cn(0H)-CHa CH;0. 
PhCH.'CIIa -f PhCHrCHj Ph CH^'CIls GTh .’CH,. 


Most chemists are agreed that this type of reaction applies 
to the formation of simple forms, e.g. dimerides and trimerides, 
and Whitby holds that a similar step-wise addition occurs in 
the formation of the high polymerides. It will be noted that 
the polymeride contains the grouping which was charac- 
teristic of the monomeric form, e.g. -CH : 0 in the first case and 
’CPh:CH, in the second. In the formation of a dimeride from 
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a rnonosubsiitiited olefme, theoretically it is possible for four 
distinct dimerides to be formed, viz. 

R-CHa Clb-CnilCHa, R CII 

€R : cn^, 

/CHs 

RCHa-C^HaCHICUR, and HCll/ 

Cll :CHR, 

and in the case of isobutene two diiiieridc .s have been isolated, 
and in the formation of triisobutene from isobutene and sub 
pliuric acid the four trimerides have been isolated: 

CM(‘3 CM : ( 'Me-CHa CMca, (CMea CH ),C i 

CH, : CMc ClIj CMe^ GHji-CMes, CMo^ ; (’H VMr, CH. CMeg. 


In support of his view that this type of reaction occurs in 
the formation of high polymerides, WhM^ claims that it is 
possible to lengthen a polystyrene by the addition of a further 
molecule of styrene in the presence of a suitable catalyst, and 
also that the capacity for combining with bromine indicates 
the presence of olefine links in the high polymers. 

(2) Staudinger*8 long-chain formation , — According to this 
the olefine link in the molecules of the monomer opens, and 
then head to tail union occurs:* — CHPh'CHgCCHPh-CHjjn 
CHPh'CHg — . This does not take place in definite slow stages 
but practically instantaneously, so that after even a short 
time no polymers of low mol. weight can be isolated. The 
chains so formed are of the general type given on p. 1073, and 
were originally represented with a free valency at each end. 
Subsequently Stavdinger and Steinhofer suggested that there 
may be intermolecular migration of hydrogen and the for- 
mation of a terminal olefine link. 

Siaudinger^s structure is supported by X-ray studies and 
also by the products formed on thermal decomposition, viz. 
styrene, 2 : 4-(liphenyl-l -butene and 1 : 3-diphenylpropane. 


• i.c. union occurs between the fl-C atom of one molecule and the a-C 
atom of another. This does not occur in every case, as Midgle^^ Henne, 
and LekesUr by hydrogenation of a serene dimeride have obtained 1 : 4- 
diphenylbutane, CH|Ph*CH|'CH**CH*rh. indicating that union between 

the J9-C atoms of the two molecules has taken place. The product 
— CHPh*CH,*CHi'CHPh — could polymerize further and the result would 
be a buckled chahi, which might account for the electric properties of the 
pi^ystyrenes (cf. C. J. A. C. S., 1986, 1961). 
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The polymers have aromatic properties and can be nitrated, 
brominated, and hydrogenated without rupture of the molecule. 

In the polymerization three distinct stages are recognized: 
(a) Formation of the nucleus from which the polymeriza< 
tion proceeds ; (6) chain growth ; (c) stabilizing reaction which 
causes the reaction to cease. 

For Staudinger^s classification according to length of chain, 
cf. Trans, Far., 1936, 54, 296. 

When styrene is polymerized rapidly with SnC^ it gives 
a powdery polymeride belonging to group I, with an order 
of polymerization of 50-100; but when the polymerization 
proceeds slowly at low temperatures in the absence of a 
catalyst it gives a member of group II, viz. a eucolloid with 
thread-like molecules soluble in organic solvents and with a 
number 1000-5000, A mixture of styrene and p-di vinyl- 
benzene at 60®-100° gives a mixed polymeride in the form 
of a hard tough glass (group III), resembling the eucolloid 
from st^Tene itself, but insoluble even in large amoimts of 
solvents, but swelling to a high degree. Staudinger regards 
this as a three-dimensional polymer formed by bridges of the 
divinylbenzene connected to the thread-like molecules of the 
polymeric styrene. The amount required is 1 part per 10,000- 
100,000 parts of styrene, 

— CHCH,— 

ClIPhCH8CHCH,[CHPh‘CH,]xCHPhCH,CHCH,[CHPh*CH*ly 

CHCH,[CHPhCH,]zCHPhCH,CHCH,[CHPhCH,]y 

C.H, 

•[CHPhCH^]xCH-CHj[CHPhCH,]yCHPhCH,CHCH,[CHPhCH,]x 

C.H4 

— CHCH,— 

Possibly vulcanized rubber is a three-dimensional product 
formed by bridges of sulphur between the caoutchouc 
molecules. 

Of all synthetic resins the polystj^enes have the highest 
electrical insulation properties; cf. also Norrish and Brookmm^ 
P. R. S., 1937, 163 A., 205. 

Condensation polymerization . — Similar to polymerization 
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proper — where the polymer has the same percentage compo- 
sition as the monomer — is what is termed condensation poly- 
merization, where large molectiles are formed from a com- 
pound containing two or more reactive groups, e.g, OH, Cl, 
COgH, NHg, in the same molecule. In the reaction simple 
products are eliminated, e.g. HgO, HCl, NH^, and the polymer 
has a composition different from that of the monomer. 

It is not necessary that all the molecules should be identical. 

The reactivity of a compound is expressed by the number 
of reacting points in the molecules. The simplest type is with 
a reactivity 1. The reaction between two such molecules 
cannot result in the formation of long chains as the formation 
of the dimeride or double molecule exhausts the functions. 
Thus CHg + -CHg gives CgH^, but the reaction proceeds no 
further. Similarly an alcohol E OH and an acid R'-COgH can 
condense to form an ester R-O-CO-R', but the process does 
not continue as the single function of each molecule is com- 
pletely utilized. 

With compounds containing an olefine linking, each mole- 
cule has two reactive points, viz. the points formed by the 
opemiig of one of the olefine links — CHg-CIIg — . By the union 
of two such molecules — CHj-CH^-CHg-CHg — a product is 
formed which still has two active points, and theoreticAffy 
the process could continue indefinitely. 

Other examples of the 2, 2 polymerization are: 

(1) Formation of polyoxy-methylene chains from hydrated 
formaldehyde, OH-CHa-OH, OH*CHa-[O CHJn-OH. 

(2) Ester chain from a hydroxy-acid by intermolecular 
elimination of water. The two points are OH and COjH. 

OH R"CO,H OH R"‘CO O [R CO 0]n R C0 OH. 

(3) Ester chain between molecules of a dibasic acid and of 
a glycol, nCOaH R-COjH-bnOH-R'-OH, where R and R' 
are GHj or polymethylene groups. 

This latter reaction has been studied in detail by Carotkers 
(1929-36), also polyamide formation and polyamide-polyester 
formation. Under reduced pressure a-polymeridea are formed 
with mol. weights of 800-6000, and readily soluble in suitable 
solvents. On prolonged heating under suitable conditions 
these forms pass into the ju-forms or superpolyesters, with 
molecular weights of probably 20,000, and in ]^hysical prot^r- 
ties closely resembling certain natural colloids in yielding 
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strong pliable highly orientated fibres, but unlike cellulose 
and rubber they are extremely sensitive to degradation by heat. 
Polyester from a glycol R(OH)2 and dibasic acid R'(C02H)2: 

. . . O R O GO R^ CO O R O CO R' CO- . . . 

Polyamide from NHg-R'COgH: 

. . . NH R CO NH R CO NH R CO NH-R CO . . . 

Polyester-polyamide from OH-R-COgH and NHg-R'-COgH: 

. . . O R CO NH R' CO NH R' CO O R CO . . . 

In some cases not all the points function in the poly- 
merization; they may function — owing to steric reasons — 
intramolecularly, and thus have nil reactivity as regards poly- 
merization. Polymerization and condensation of the 2, 2 
type leads to chain formation, except when cyclic compounds 
with 5, 6, or 7 numbers can be formed. 

More complex arc the polymerization or condensations of 
the 2, 3 type, i.e. one molecule with 2 reactive and the other 
with 3 reactive points. The simplest example of this is met 
with in the phenol formaldehyde condensation. 

2. PHENOL FORMALDEHYDE RESINS.* NOVOLAC AND 
BAK ELITE 

The reaction between formaldehyde and phenol is slow^ and 
requires an accelerator. When heated with a base the mix- 
ture undergoes condensation and separates into two layers, 
an aqueous layer which is of no value and a treacly mass 
which can be Aried to form resin A, which is soluble in alcohol. 
This melts when heated but at the same time undergoes 
polymerization, and if heated under pressure forms the hard 
translucent resin known as Bakelite, which is used for making 
artificial jewellery, cigarette tubes, insulating materials in the 
electrical industry, and for numerous other purposes. The 
soluble resin A, or novolac type, is used for varnishes either 
with or without the addition of gum esters. The hard resin, 
bakelite, is usually made by the two-step process. The con- 
densation to the novolac resin is accomplished with the aid 
of an acid accelerator and with excess of phenol, and further 
heating does not produce polymerization unless a base is 

• 1 987, World production, 80,000 torn. 
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added together with excess of formaldehyde when the second 
step occurs and the hard resin is formed. Phenol itself is com- 
monly used, but the cresols also give valuable resins and 
acetaldehyde behaves somewhat similarly to formaldehyde, 
and according to Morgan the phenols from low-temperature 
tars can also be utilized. It is noteworthy that the phenols 
used must be of a high degree of purity. 

For the production of moulding powders the two-step pro- 
cess is always used, and before undergoing the second oj)era- 
tion the novolac is mixed with a filler, usually very fine 
wood flour or cotton fibre and more formaldehyde or hexa- 
methylenetetramine (p. 151), the mass being then moulded 
and heated in the mould. 

Different views have been expressed on the structure of 
novolacs. Baekland and Bender favour the view that the 
first step is the formation of a phenoxy-hydroxy-methane, 
PhO CHg'OH, but Megson (Trans. Far., 1936, 336; J. S. C. I., 
1939, 131) favours the view, which is the one usually ac- 
cepted, that long chains are formed by the following reactions: 

f 0H,O ^ 

r,ii,OH 

OH-CeH*'(ni, CHj'OH, 

CH.O 

&c., and finally a long chain, 

xK OH + (a: - 1)01130 R/ OH. 

where R represents C 6 H 5 , R' == CgH 4 , and R/' C^Hg, or 
analogous groups. They are regarded as linear polymers con- 
taining a mixture of compounds of different molecular weights. 
The introduction of ’CHg* group takes place in positions both 
0 and p to the OH in the benzene rings, so that in the long- 
chain compound numerous isomers are possible. 

Formaldehyde or its hydrate is a two-functional compound 
and phenol a three-functional, i.e. the two ortho and one para 
positions. In the formation of the long-chain molecules of the 
novolac type the latter acts only as a two-functional com- 
pound, as shown by only two of the nuclear hydrogen atoms 
being replaced. In the formation of bakelite by the action of 
excess of formaldehyde on the novolac, the third function of 
certain rings functions and the long chains of novolac become 
united by cross links of ‘CHj*, not in a single plane, but in three 
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dinieiiaioiifl. This cross linkiug does not proceed in a regular 
systematic manner, as X-ray examination gives no indication 
of a crystalline scattering, 

m-Oresol, like phenol, is three-functional, whereas o- and f- 
cresols are two-functional, hence the novolacs derived from 
the two types will differ. Those from the three-functional 
phenols can be represented by I, and those from the two- 
functional by II : 



In-i 


It is clear that I still contains a relatively large number of 
functional points denoted by X which can react with more 
formaldehyde or can take part in heat-hardening; type II 
contains relatively few functional points, viz. at the two ends 
of the complex molecule, and is therefore less reactive with 
formaldehyde or heat-hardening. 

Extremely hard resins, formed from polyhydric phenols 
and formaldehyde with mineral acid as catalyst, when ground 
can remove either cations or anions from aqueous solutions 
of salts {Morgan^ C. and I., 1937, 111) and hence can be used 
as water softeners. 

Phenolic plastics can be utilized as extruded materials, e.g. 
rollers, headings, handles, &c. 

Products termed semisynthetic plastics are obtained by 
condensing lignins (p. 368) with phenols (e.g. cresols), amines 
(e.g. aniline), aldehydes (e.g. furfural), and a catalyst, and are 
extremely cheap to manufacture. Another type is made by 
condensing formaldehyde with tannins. 

The resins obtained from individual phenols vary remark- 
ably in character. The moat valuable are thqpe derived from 
phenol, 1 ; 3 : 5-xylenol and resorcinol, o- and y-Cresol tend 
to give crystalline products, and it appears that the greater 
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the number of isomerides possible, e.g. phenol and m-cresol, 
the greater the value of the resin. 

The moiilding powders can be used for the same purposes 
as cellulose acetate moulding powders, e.g. for telephones, 
cabinets, boxes, ash trays, switch plugs, wall plates, &c. The 
resins are also largely used for the manufacture of laminated 
products, e.g. boards made from paper, fabric or asbestos 
impregnated with novolac and hardened under heat and pres- 
sure. The products are used in the electrical industry and for 
doors, wall panels, &c. 

Resins soluble in linseed oil and therefore of value in the 
paint and varnish industry can be made by condensing certain 
homologues of phenol with formaldehyde. Of these phenols 
the more important are the 1 : 5, 3 : 4, 1 : 4, and 3 : 5-methyl- 
phenols, p-^ert-butylphenol, ^-^er^-amylphenol, j3-dihydroxy- 
diphenyl, and p-0irCgH4-CMe2*C6H4*0H. In the majority of 
these one ortho or more generally the ^-position in the phenol, 
is substituted, so that the compound is only two-functional as 
regards formaldehyde and thus gives chains of the novolac 
type. 

Some of these appear to be of comparatively low molecular 
weight (C. I., 1938, 8). 

The compounds with branched alkyl groups, e.g. <erf-butyl 
and amyl are of great value. The resins are often termed alkyd 
resins. 


8, UREA PLASTICS OR AMINOPLASTICS • 

Commercial formaldehyde and urea with or without the 
addition of thiourea yield a hard resin which has been utilized 
for making unbreakable cups and laminated sheets for decora- 
tive panelling ; also as a filler for textiles and as a component 
of lacquer finishers. The usual method is to obtain a syrup 
by the action of formaldehyde solution, using as little as 
possible, on a mixture of urea with not more than 50 per cent 
of thiourea. The syrup, containing 60-60 per cent of resin, is 
mixed with fine wood pulp and masticated. After drying and 
grinding this gives a moulding powder. The moulds are made 
of stainless steel. If thiourea is not used the resin formed 
is not so resistant to the action of water. 

According to Walter (Trans. Far., 1936, 377), the primary 


• C. end L, 1936. 102; 1937, 639. 
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products are monomethylol- and diraethylol-urea: On-CH 2 * 
NH-CO NHa and OH-CIVNH-CO-NH-CHa-OH, and these can 
give rise to: I, open chain polymers; II, ring polymers; and 
ill, three-dimensional network polymers: 


1. 011CH2 NH‘C0 Xn cn2-N(CIl2 0II)'C() X4LCH2-N(ClJ2 01I)* 
CO XH CH 2 , &c. 

1 X'H,, .CU, 

11. . . . CH N-CO N CO^^ NN (X) N/ >N-CO N. , &,c. 




M’H./ Vni, 

111. . . . N C0 N CHo X C0 N (^H- X (’O'N riL . . . 


CII2 CH2 CHa CH. <’lla 


N CO N CHa-N CO N CH, \ (f) N 


crij Cfl, (Ha 


and analogous sulj)bur compounds. 

Aromatic bases, e.g. aniline, also form amino plastics with 
formaldehyde. 


4. GLYPTALS 

Colourless plastics are formed by the condensation of 
phthalic anhydride and glycerol at 180°-2(X)° for several hours. 
They are not readily affected by heat and cannot therefore be 
used for moulding, but art* used in the varnish and lacquer 
industry and for bonding mica for electrical insulation panels. 

6. CASEIN PLASTICS ♦ (1897) 

Casein (calcium paracaseinate) is formed by warming skimmed 
milk to S6°-4V and treatment with rennet. The curd is 
stirred, drained, washed with hot water, and dried at 45®. 
Yield about 3 per cent. It is mixed with water and suitable 
colouring matter, forced through a nozzle, and hardened by 
soaking in very dilute formaldehyde solution, which renders 
it much more resistant to water and to fermentation. Little 
is known as to the reaction between the aldehyde and casein. 
It is slightly hygroscopic and is used for low-tension insu- 
lation, for buttons, umbrella handles, and in pen, pencil, 
comb, motor-car, cutlery, wireless and optical trades. Me- 

• C. and I., 1937, 274, 644. World production of caaein, 70,000 tons. 
Casein and its Industrial ApplicaHom^ Sutcrmeister and Brown, New York, 
1939. 
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chanically it is not ao strong us other aynthetic resins and is 
strictly non -thermoplastic. 

6. CELLULOSE ESTER AND ETHER PLASTICS* 

The use of celluloid nitrates in the form of collodion has 
been described in Chap. XIV, C., and they still form some 
of the commonest j)la8tics. 

Certain esters and ethers of cellulose, unlike the parent 
compound, are thermoplastic, i.e. they become softer when 
heated and hence can be moulded and harden again on cooling. 
The operation can be repeated a number of times without the 
proj)erty being destroyed. 

As materials for moulding powders and injection moulding 
cellulose acetate and benzylcellulose are most frequently used 
and are mixed with gelatinizers, pigments and fillers. The 
acetate has replaced the nitrate for safety-glass manufacture 
and for non-inflammable films. For cellulose lacquers used 
for spraying the usual basis is nitrocellulose, less generally 
acetyl and benzyl celluloses, with a gum or ester gum, a plasti- 
cizer, e.g. tricresyl phosphate and solvents, the most impor- 
tant of which are alcohol, toluene, ethyl acetate, butyl alcohol 
and butyl acetate, and a suitable pigment. Cyciohexanone Ls 
an excellent solvent but has an objectionable odour. The 
monomethyl and monoethyl ethers of glycerol and glycol are 
good solvents. A common one is cellosolvey the monoethyl 
ether of glycol. It is not advisable to use a solvent with too 
low a boiling-point, as rapid evaporation lowers the tempera- 
ture and moisture is deposited on the film. 

Benzyl cellulose is used for thin wrapping material and for 
book cloths, as it is highly water resistant. 

For plastic purposes cellulose esters cannot be used alone; 
they rec^uire the addition of a plasticizer, i.e. a substance 
which will give the material greater extensibility and at the 
.‘<ame time render it less rigid or softer. Resins and ester 
gums are often used. Type (a) has no solvent action on the 
ester, and gives an opaque mixture which requires a second 
plasticizer or a solvent to yield a more plastic transparent 
product. Type (6) is rare, and consists of resins which act as 
solvents for tne ester and give directly a transparent product. 

• C. and L, 19^3, 705; 1937, 691. Technology of Cellulose Ethers, Woden, 
New York, 1933. 
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Probably certain plasticizers form additive compounds with 
cellulose nitrate. The plasticizer has a great influence on the 
gloss of a film and on the flowing properties of a cellulose 
ester solution. Among synthetic plasticizers are triacetin, 
tributyl and tricresyl phosphates, triethyl and tributyl citrates, 
dibiityl tartrate, diethyl phthalates, butyl, dibutyl and diamyl 
benzyl, and cyclohexyl Isevulinates, and certain sulplionamides, 

Tricresyl phosphate is a favourite, as it does not destroy 
the elasticity of - the non-plasticized film as much as most 
others. Camphor has the same effect but is more volatile. 
Castor oil is also used, but it is merely a diluent not a solvent. 

Other types are the methylene glycol esters obtained from 
dibasic acids like phthalic acid and formaldehyde: 

CsU,(CO,H)^ -h CH,0 CO^H C,H, CO O CH, OH, 

the product having both a free OH and a free COgH group, 
and can react with cellosolve and acetic acid, yielding 

EtO-Cirj‘CIl20'COCeH4‘COO'CH5|OAo. 

Numerous complex compounds of a similar type are also 
used, e.g, the product formed by esterifying an acid ester of 
phthalic acid with the ester of a hydroxy acid, e.g. cellosolve 
glycolate : 

EtO CHaUHj O 

Also compounds di-/J-phenoxyethyl phthalate, C^H4(C0*0- 
CH,‘CHj*OPh) 2 , and butylene-glycol phthalates. 


LXI. THE CHEMISTRY OF RUBBER ♦ 

In the domain of organic chemistry few subjects afford a 
better illustration of the interplay of scientific, technical, and 
commercial factors in the development of an industry than 
rubber does. 

The importance of the rubber industry can be gathered 
from the fact that even in 1911 it represented an annual 
value of about £45,000,000, or roughly twice the value of the 


• Cf. Cbem. Rev., 1930, fil. 
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Bjuthetic dyestuffs industry. The production for that year 
was about 100,000 tons, and this increased by 1934 to 1 
million tons and has fluctuated round that figure for the past 
few years. The price has varied within wide limits, viz. 45. 
per pound in 1923 to 3d. per pound in 1933, and depends upon 
supplies and demand. The motor-tyre industry increased the 
demand and raised the price, but the very rapid development 
of new rubber plantations in the East increased the supply 
and reduced the price. 

Rubber is manufactured from the milky-white, sticky juice 
or latex produced when certain species of trees, shrubs, and 
creepers are tapped or cut. 

The three stages in the production of commercial rubber 
are: 

(1) The collection of the latex; (2) the coagulation of the 
latex, and the production of raw rubber or caoutchouc; and 
(3) the curing or vulcanization of the raw rubber. 


A. Sources of Rubber. The Latex. Coagulation 

Sources of Rubber , — The chief rubber-producing countries 
are: South America, notably the regions of the Amazon and 
Para, East and West Africa, the Malabar Coast of South 
India, Burma, Ceylon, the Malay Peninsula, Siam, and Cochin 
China. In South America the latex is obtained from species 
of Hevea, more particularly H, Siberi and H, braziliensis, a 
good specimen of which wiU yield as much as 22 lb. of rubber 
per annum. The trees are all of wild growth, the cost of col- 
lection high, and the coagulation methods crude. The product 
“ Para Rubber ” comprises only 10-15 per cent of the total 
rubber supplies. 

Small amounts are also obtained from certain tropical 
African creepers, and also from other rubber trees, e.g. Cas- 
iilloa costaricana in Mexico, 

Roughly, 80-90 per cent of the world's supplies of dry rubber 
are derived from the rubber plantations in Asia. 

Extensive plantations were laid down by the British in 1876 
in Ceylon and the Federated Malay States, by the Dutch in 
1882 in Java, Sumatra, Borneo, and in 1885 by the French in 
Tonkin, Cambodia, and Laos. The majority of the plantations 
consist of Hevea^ which are propagated by seeds, or more 
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frequently by ciittin^^s. The trees begin to yield rubber in 
workable quantities when six to ten years old; at first they 
are tapped every other year, but when mature can be tapped 
every year, usually after the rainy season, and never during 
the period of flowering. The yield of rubber from a mature 
tree is about 3-5 to 4-5 lb. per annum. The best estates yield 
as much as 12(X) lb. per acre, but the average is only 400 lb. 

The enormous increase in the production of plantation 
rubber is largely due to the scientific management, the rela- 
tively low costs of production, and the better transport facili- 
ties as compared with South America. 

The Latex . — The latex of Hevea is a white sticky liquid 
with the consistency of cows’ milk, and the specific gravity 
varies with the amount of rubber it contains. It is an emul- 
sion of rubber in water which holds in suspense or solution 
glucosides, sugars, resins, proteins, enzymes, organic acids, 
and mineral salts. The composition varies within wide limits 
according to the botanical source, the age of the plant, the 
season, the method of production, and the height above 
ground at which tapping occurs. The percentage of rubber 
tends to increase with the age of the tree (as a rule trees should 
not be tapped until they are 6~10 years old), and to diminish 
with the height of the tap hole from the ground. 

The following may be taken as typical analyses of Hevea 
latex : 


Water 

Amazon Delta 
. . 47 0 


Ceylon Plantation 

. . r)5-2 

Rubber 

. . 32 0 


.. 413 

Mineral salt.s 

. . 0-7 


.. 0*4 

Proteins . . 

. . 2 3 


.. 2-2 

Resins 

.. 90 


.. 20 

Sugars 

r. — 


.. 0-4 


Nearly all latices contain small amounts of sugars and 
glycosides. Most of the sugars appear to be related to inositol 
(p. 487), and not to the glucose group. The substance known 
as Dambonite, CgH^gO^, and present in most latices, appears to 
be an inositol dimethyl ether, CjH^(OH) 4 (OCH 8 ) 2 . l-Inositol 
monomethyl ether is also present in Hevea latex. 

Most latices are alkaline to litmus when freshly tapped, 
but when kept they undergo bacterial fermentation producing 
organic acids, mainly lactic, which bring about coagulation. 
The latices from species of Ficus are acid. Oxidases are usually 
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present, and when exposed to tlie air the latex tends to turn 
brown. The addition of a little sodium bisulphite prevents 
tins darkening without impairing the properties of the rubber. 
Anti-oxidants, probably unsaturated sterols, are also present 
(Ind. Eng. Chem., 1927, 1187). 

The functions of the latex in the plant are: (1) a reservoir 
of nutritive material and water; (2) a medium for transpor- 
tation of materials necessary for growth; (3) a protective 
material produced by the plant to assist in healing wounds, 
and to protect the plant against insect attacks. 

Use of Rubber Latez.'*‘ — There is a growing tendency to 
export the latex or concentrated latex, and the amount has 
risen from 10,000 tons (calculated as dry rubber) to 30,000 
tons in 1939. The latex has the advantage over dry rubber 
that the rubber can be vulcanized at lower temperatures, 
and the material contains the natural anti-oxidants present 
in the latex, so that the vulcanized product keeps better and 
also has greater mechanical strength than the masticated 
product. Fillers and accelerators can also be mixed in the 
moist state and vulcanization carried out at temperatures 
below 100°. The latex is used where the processes known 
as spreading, spraying, dipping, flocculation, moulding and 
electrophoresis are required; and articles made from latex are 
gloves, paper size, thin coatings for preserving metals, spongy 
material, inpregnating fabrics to form rubber boots, and other 
products which cannot readily be manufactured from ordinary 
dry rubber. 

, For purposes of transit the latex must be protected against 
coagulation, usually by the addition of ammonia or an amine, 
and to avoid excessive transport costs is usually concentrated 
(J. S. C. I., 1937, 397 T.) by (a) centrifuging; (b) keeping and 
removing the cream; (c) evaporating under reduced pressure 
in presence of a stabilizer, e.g. potassium fluoride or silicate; 
(d) creaming by addition of Iceland moss or gelatine. Such 
creams contain about 75 per cent of rubber hydrocarbon and 
are mainly free from the water soluble non-rubber constituents 
of the latex, but contain the creaming agent. They can easily 
be diluted with water. 

In the electrodeposition of rubber the particles are nega- 
tively charged and are deposited on the anode. In order to 

^Rubber Latex, Rubber Growers’ Association, 1933. Latex in Industry, 
R. J. Noble, New York. 193«. 
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avoid loss of current it is necessary to remove strong electro^ 
lytes before deposition, and hence it ’ is advisable to use 
ammonia rather than potash as a preservative, and to con- 
centrate by centrifuging rather than by evaporation under 
reduced pressure. 

It is necessary before electrodeposition on a metal surface 
to provide a bonding material between the metal and rubber; 
a modified rubber material “ Vulcabond ** is used for this 
purpose. An artificial latex can be made by incorporating dry 
rubber or reclaimed rubber with water and suitable coagulants, 
but such a latex is inferior to the natural product as the mill- 
ing processes used in producing the dry rubber lessen its 
mechanical strength. 

Coagulation. — Three methods of coagulation are used, viz.: 

1. The smoking process adopted in the Amazonian district 
consists partly in the coagulation of the rubber by the rapid 
evaporation of the serum as it is exposed in a thin layer to 
hot smoke, partly in the coagulation by the acids present in 
the smoke, viz. carbonic, formic, and acetic, and preservation 
of the rubber from decomposition by the creosote contained 
in the tar. 

2. The Acid Process , — The great bulk of the plantation latex 
is usually coagulated by acetic acid. Other acids or acidic 
substances can also be used, for example, formic, lactic, sul- 
phuric acids, sodium hydrogen sulphate, alum, sulphurous 
acid, &c. This process of coagulation necessitates careful 
washing of the raw rubber in order to remove the acid. The 
quantity of acetic acid used is usually 1-2 per cent of glacial 
acid calculated on the latex, but can be varied within fairly 
wide limits. The addition of too much is harmful, as the 
rubber obtained does not cure so readily. In actual practice 
the amount of acetic acid added for coagulation is usually 
insufficient to produce coagulation by itself, and the view 
generally held is that the coagulation is due to an enzyme 
which is activated by the addition of acid, and that the pro- 
cess is somewhat analogous to the setting of milk by rennet 
{Barrowdiff, J. 8. C. I., 1918, 48 T.). 

The addition of a large amount of acid destroys the enzyme, 
and the coagulation is then due to the actiou of the acid on 
the negative suspensoid. 

3. Auto-coafftdaium , — When the latex is mixed with about 
0*2 per cent of glucose and kept, coagulation due to non- 
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putrefactive bacterial action occurs, and is complete in eighteen 
hours. The coagulimi has a sweet odour, whereas in the 
absence of glucose putrefactive bacteria tend to develop, and 
the coagulum acquires a nauseous odour. If air is excluded 
the coagulation is not complete. This method is used in the 
Malay Peninsula, and may in time replace the acid process. 

The latex is regarded as a milky fluid containing minute 
globules of a colloid, probably rubber itself, in a state of col- 
loidal suspension in an aqueous fluid. In Hevea latex the 
globules are microscopic and show Brownian movements. It 
is a negative suspcnsoid and behaves as such; acids produce 
coagulation or precipitation, and alkalis increase the stability 
of the suspension. The protein content of the latex increases 
the stability of the suspensoid, the dissolved protein or pep- 
tone acting as a protective colloid. 

If the latex is freed from saline matter by dialysis through 
a collodion film, salts of univalent metals have practically 
no effect, salts of bivalent metals produce coagulation at any 
concentration above normal, and salts of tervalent metals 
at concentration greater than 0*05 N. Acids produce the same 
effect at concentration of 0*5 N (F. Henriy C. R., 1907, 
144 , 431). 


B. Raw Rubber 

The clots formed during coagulation consist of separate 
particles united to form a tenacious elastic network, and 
the structure of the clot varies with the coagulant used. 
Weak coagulants produce a network with an open mesh 
and slight elasticity, whereas strong coagulants produce a 
close mesh and a clot of high elasticity. 

Like most gels, rubber itself is an emulsoid consisting of the 
colloid hydrocarbon rubber (CiQHi^)n in a fine state of dis- 
persion in a colloidal medium, consisting partly of protein, but 
mainly of a modification of rubber. Thus rubber not only 
forms the disperse phase, but also its own dispersion medium. 

During the process of coagulation a portion of the resins, 
proteins, and mineral salts are precipitated with the rubl)er. 
Para rubber contains much larger quantities of these impurities 
than plantation, and the presence of some of the nitrogenous 
substances is advantageous as it facilitates the subsequent 
process of curing. 

(B4S0) 


36 
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Moat of these impurities can be removed by dissolving the 
rubber in a suitable solvent. As in the case of most gels, 
the solution is preceded by a process of swelling or adsorption 
of solvent, and, finally, a colloidal solution of high viscosity 
is obtained which is difficult to filter. Benzene can be used in 
this way, and if a little trichloracetic acid is added subse- 
quently the solution becomes limpid, and can be easily sepa- 
rated from the impurities. Carbon disulphide, benzene, and 
chloroform yield almost transparent clear solutions, whereas 
ether and petroleum ether yield turbid liquids. The turbidity 
is due to the fact that the rubber is not so soluble in these 
solvents, and the insoluble part exists in a finely dispersed 
form throughout the solution. Even the apparently clear 
benzene solutions exhibit discontinuity under the ultra-micro- 
scope. 

The impurities, e.g. resins and proteins, present in the raw 
rubber are not removed in practice, as the expense would be 
great, and as it has been found that the resins t/cnd to prevent 
the oxidation of the rubber, and the proteins accelerate the 
process of vulcanization. 

The soluble portion consists of a hydrocarbon (Cj 0 H 20 )n, but 
usually contains combined oxygen, e.g. 0*61 per cent in Para. 

The following are the most characteristic rubber derivatives. 
A tetrabroxnide, {Gladstone and Hibhert, Weber), 

which has no definite melting-point but decomposes when 
heated. An iodide, (Weber), in the form of a brown 

powder decomposed by light or heat. A dihydrochloride, 
CioHjsClg. A monohydriodide, C10H17I (B., 1913, 1283). The 
product obtained by the removal of halogen hydracids from 
these compounds by means of bases is not identical with the 
original rubber, and is termed a-iso-caoutchouc (B., 1913, 
736). A nitrosite, (CioHi 4 N 203 )n (Harries, B,, 1900, 779), 
obtained by passing dry nitrous anhydride fumes into a ben- 
zene solution of pure rubber, is a friable, greenish solid, in- 
soluble in most solvents, and has no definite melting-point. 
A nitrosite, CJQH3OO14N0, obtained by passing moist nitrous 
gases into a benzene solution of rubber; it decomposes at 
158^-162^, and is used in estimating rubber. An oaonide, 
CioHjeOg, obtained by pasfi^ purified ozonized air into a 
1 per cent chloroform solution of rubber (Harries ^ B., 1904, 
2708; 1912, 936), evaporat^ to dryness at 20®, dis^lving 
in ethyl acetate, and precipitating with petroleum ether. It 
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forms an exyAosive vitreous mass, melting at 50°, and is soluble 
in most solvents. 

The rubber molecule also reacts with nitrosobenzene in much 
the same manner as olefines do, yielding a nitrone, e.g. 

RCHa'CHrCH, + 2C«H5N0-> 

n ew : CH CH : NT + CeH. NH oh, 

accompanied by a shifting of the olefine linking. 

The empirical formula deduced from analysis is CgHg, and 
the formation of the derivatives already described indicates 
that the simplest formula is CjoHjg with two olefine linkings 
in the molecule, as the smallest molecular weight for the 
ozonide, determined by the cryoscopic and ebulliscopic 
methods, is 230. The general properties indicate a much 
more complex molecule, but as the molecular weight cannot be 
determined, the value of n in the formula (CioHig)^ is uncertain, 
but is usually accepted at 6-8. At temperatures up to 180° 
the complex CioHig is still retained, although the ordinary 
physical characteristics have altered. At higher temperatures 
decomposition products are formed, and oily products equal in 
weight to 84 per cent of the rubber used are obtained. This 
distillate dissolves raw rubber at the ordinary temperature, 
and contains butylene, isoprene, a terpene hydrocarbon, 
dipentene, and a sesquiterpene, hevene, boiling at 255°--265° 
(ff. Williams, 1860, and 0. Bouchardat, Bull., 1875, 24 , 108.) 

Constitution of Rubber. — The constitution is largely based 
upon the following considerations: (a) the close relationship 
between isoprene and rubber; (6) the formation of the additive 
compounds mentioned above; and (c) a study of the decom- 
position products of the ozonide. 

Tilden (Chem. News, 1882, 46 , 220), who prepared isoprene 
by breaking down pinene and dipentene, was the first to sug- 
gest the constitution of isoprene as 2-methyl- A^**-butadiene 
(p. 952), a conclusion which has since been con&med by -various 
syntheses. As isoprene yields rubber under the influence of 
heat or of small amounts of various chemicals, the latter 
would appear to be a polymer of isoprene. Its reactions with 
bromine, hydrogen chloride,, nitrogen peroxide, and ozone 
indicate the presence of two olefine linlongs in each CjoHxg 
portion of the molecule. When the ozonide is decomposed 
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by boiling water the products are laevulic aldehyde, CHg-CO* 
CHg-CIIa-CHO, and leevulic aldehyde peroxide, which yields 
laevulic acid (p. 264), and hydrogen peroxide, and to account 
for these products Harries suggested the cyclic structure, viz. 
a polymer of 2 : G-dimethybcyclo-octadiene : 

CHj C CfJa CH,-CH 

li Jj 

CH CHj CFla O CH,. 

This view is not generally accepted. 

Weber, Pickles (J. C. S., 1910, 1088), and others consider 
the rubber complex is a long chain built up from C^Hg groups 
by normal polymerization, and with the two ends joined to 
form a closed ring, e.g. 

. . . CH,-CMe : CH CH, CHa CMe : CH CKyCH.-CMe I CH CH, . . . 


The number of the CgHg groups is uncertain, and Staudinger 
considers it may be as liigh as 2000 units forming an open 
chain. In this polymerization a shifting of olefine linkings 
has taken place, and the formation and decomposition of the 
ozonide can be accounted for as follows: A molecule of ozone 
is added on at each olefine linking 

I. — CHj-qCHa) : CHCH,CH,CMe : CHCHaCH,CMe : CH— 

II. ^ -~-UH, CMe CH CH, CH, CMe CH CHa CH, CMe'CH-~ 

iod l)od ood 

III. -► -€H,cMe:o:o|:o:cHCH,CH,CMe:of:o:o:cHCH, CH, 

The union between the carbon atoms is then ruptured, so that 
the ozonide has the stnicture No. Ill, which is decomposed 
by water into laevulic aldehyde and the corresponding per- 
oxide as indicated by dotted lines (cf. Ostromisslenski^ J, 
Russ., 1915, 1932.) 

In the open-chain structure the olefine linkings allow of 
cis and trans isomerides, and X-ray examination of rubber 
indicates that the H and CHg of the •CH:CMe- groups are all 
cis, whereas in caoutchouc they are trans {K, M. Meyer, C. and 
I„ 1938, 439). 

When heated alone, or with sulphuric acid or organic sul- 
phonyl chlorides, rubber yields isomers which are less satu^ 
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rated and are termed polycycio rubbers. They arii represented 
by Staudinger as 

. . . CH. C CHj CHa CH : O OH^ CH. CH. C CH. CU^ CH I C CHa CH, . . . 



C. Vulcanization 

The production of rubber from caoutchouc or raw rubber is 
brought about by the process known as vulcanization or 
curing after the raw rubber has been thoroughly washed and 
rolled. Technical vulcanization is always effected by the 
action of sulphur or sulphur chloride, and the object is to 
improve the mechanical properties of the product so that it 
may be more serviceable for various purposes, e.g. retain its 
elasticity over a greater range of temperature. 

Cold vulcanization (Parkes^ 1846) consists in dipping thin 
sheets of raw rubber into a solution of chloride of sulphur, 
S 2 CI 2 , in a suitable solvent, or in exposing the sheets to the 
vapour of such a solution. The reaction is definitely chemical, 
and if an excess of a benzene solution of sulphur chloride is 
used a definite substance, (Ci<^Hig) 2 S 2 Cl 2 , is formed (Hinrichsen 
and Kindscher, J. S. C. I., 1916, 934). In actual practice a 
relatively small amount of the chloride is taken up. 

Hot vulcanization {Goodyear, 1839) is effected by milling 
the raw rubber with sulphur, and subjecting the mixture to a 
temperature of 135^-160°. Various sulphur compounds or 
products containing free sulphur have also been recommended. 
The properties of the rubber depend on the degree of vulcaniza- 
tion (state of cure). The elasticity diminishes, but the tensile 
properties increase up to a certain stage, after which increased 
vulcanization (i.e. longer time or higher temperature) produces 
a brittle rubber which is useless. 

A method of vulcanization introduced by Peachey (E. P. 
129826, of 1919) consists in subjecting the raw rubber in the 
cold, and either in thin sheets or in solution, to the combined 
action of hydrogen sulphide and sulphur dioxide, the liberated 
su^hur combining with the rubber (J. S. C. I., 1921, 5 T.). 

In practice a mixture containing 5 parts by weight of sulphur 
and parts of raw rubber is usually taken and vulcanized 
for a series of gradually increasing periods at a constant tern- 
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perature (e.g. strain under 50 lb. presHure); or in the Nether- 
lands Government Institute 7*5 and 92*5 per cent respectively 
for 1*5 hours, with steam at 52 lb. pressure. The mechanical 
properties of the samples are determined, and the period of 
vulcanization necessary to produce optimum mechanical pro- 
perties ascertained from the results of the tests. 

mi ‘ j. £ 1 • X* combined sulphur x 100 

Ihe coefhcient of vulcanization == , 

rubber 

the name combined sulphur denoting the sulphur which cannot 
be extracted by acetone. According to Spence^ at optimum 
cure this value is about 2*8-3, but other authorities give the 
value 4-5 for rubbers which have the greatest tensile strength. 

Vulcanization consists in a small percentage of sulphur 
combining with the rubber molecules and a further amount 
being absorbed. In all probability the combined sulphur forms 
bridges between chains of rubber molecules forming mole- 
cules of 3 dimensions in the same manner as with polymerized 
olefine plastics (Chap. LX, Cl). 

Selenium (1926) can also bring about vulcanization, and 
mixed with sulphur gives excellent results. Small amounts of 
rubber hydrochloride bring about vulcanization, and certain 
polynitro-benzenes behave in the same way (Oslromisslenski). 

The substance known as vulcanite (cf. p. 1093) or ebonite is 
manufactured by heating raw rubber with larger quantities of 
sulphur (65 : 35) for a longer time at higher temperatures. 
The physical properties characteristic of the rubber are thus 
completely changed, and a brittle product, probably consisting 
of compounds (CgHgSlx, is fonned. 

Many rubber goods do not consist simply of vulcanized 
caoutchouc, but contain fillers. These are added partly to 
reduce the cost of the rubber and partly to modify its pro- 
perties for particular purposes; thus mineral matter, such 
as zinc oxide or magnesia, is usually added when the rubber 
is required for mechanical purposes involving abrasion and 
compression; on the other hand, if a colourless eraser is re- 
quired, a large amount of white rubber substitute ” is added. 
This substitute is prepared by the action of sulphur mono- 
chloride on rape oil. Various materials are also used as pig- 
ments. Antimony sulphide is the commonest, and others are 
yellow sulphide of arsenic, oxide of chromium, zinc chromate, 
ultramarine, and lamp black. Glue is also used as a filler. 

Beclaimed rubber and bitumen are also used for mixing 
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with the rubber. The reclaimed rubber is obtained by re- 
ducing old rubber or waste rubber to a fine state of division, 
treating with acid or alkali, washing with water, and subse- 
quently steaming under pressure in order to render it plastic, 
declaimed rubber, like vulcanized rubber, is insoluble in 
solvents which dissolve raw rubber; the process of reclaiming 
does not remove the combined sulphur and frequently only a 
portion of the fillers present in the waste. 

Accelerators (C. and I., 1933, 90, 95). — Milled plantation 
rubbers and synthetic rubbers are much more difficult to 
vulcanize than latex or Para rubber. This is due to the absence 
of basic accelerators in the former. During the process of 
washing the coagulum to remove acetic acid much of the 
protein matter is removed. This deficiency is rectified by the 
addition of suitable accelerators, and Eaton and Grantham 
(J. S. C. I., 1915, 989; 1916, 715) have shown that a rapidly 
curing rubber of good mechanical properties is obtained if 
the slabs of wet coagulum arc allowed to stand for 6-10 days 
before further treatment. This is probably due to the libera- 
tion of basic nitrogenous compounds by enz}Tnes from pro- 
teins left in the coagulum, and subsequent washing and heat- 
ing in a dryer does not completely remove these compounds. 

For ordinary raw rubber it is necessary to add an acceler- 
ator before vulcanization. Two common accelerators used 
for a number of years were aniline and thiocarbanilide, 
CS{NHPh) 2 , also metallic oxides, e.g. magnesia, lime and 
litharge. Other organic bases, e.g. piperidine, diamines, alde- 
hyde-ammonia, and numerous other bases with dissociation 
constants greater than 1 x 10~*. If the bases are too vola- 
tile they are used in the form of their carbamates, carbonates 
or carbamides. Hexamethylenetetramine (p. 151) and guani- 
dines, e.g. diphenylguanidine, are also used. The thiocar- 
banilides are extremely reactive. 

The addition of an accelerator not only shortens the time 
or lowers the temperature required for vulcanization, but also 
improves the properties of the vulcanized product in several 
respects, e.g. tensile strength, resistance to abrasion, and tends 
to lengthen the life of the material. 

Delayed Aooelerators {Twiss and Jones, J. C. S. I., , 1935, 
13 T.). — Some accelerators work too rapidly and produce what 
is termed “ scorching ” during the processing operations 
preliminary to vulcanization. This has led to the use of 
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delayed action accelerators. A common practice is to introduce 
into the accelerator molecule a group which will lessen its 
accelerating properties, but which is subsequently removed, 
thus setting free the full activity of the accelerator. Most 
accelerators contain an active hydrogen atom, and in the 
delayed accelerator this is replaced by a displaceable organic 
radical, which by subsequent hydrolysis or fission is removed, 
thus liberating the accelerator. 

Accelerators which require restraining are of the dithio acid 
and mercaptobenzthiazole types. Examples of the former are : 

Alkyl xanthates, 

Dithiocarbamates, 


derived from secondary amines including piperidine, and of 
the latter: 


1 -Mercaptobenzthiazole, 




^ 6 ^ 4 , and its sub- 


stituted derivatives, ’which are some of the commonest 
accelerators ; 


Benzthiazyl sulphides, 


and the delayed accelerators are the aryl esters of the dithio 
acids and also esters of the thiazoles with organic acids. 
Examples are: 




I. s:c< 


II. s;c< 


/SC«H3(N08), 
NR, 


2 * 4-dinitrophenyl-piperidine carboihionolate ; 


2 ! 4-dinitrophenyl-diaIkylditluocarbamat©*, 


SH 


which hydrolyse to S:0( and 8:0^ 


^SH 

^NR, 


III. 1 -Benzthiazyl thiostearate or benzoate, R CO*S'C^ ; 


■Ns. 




IV. 2 1 4-dinitrophenyl-benzthiazyI sulphide, (NO,),C,H,*S'C< 
but numberless compounds have been patented. 



SYNTHETIC RUBBERS 


1097 


Mixed accelerators are often employed, e.g. No. IV witV 
diphenylguanidine. 

Another method of preventing scorching is by adding a 
second compound which will retard the activity of the ac- 
celerator without apparently reacting with it. Such com- 
pounds are termed antiscorch reagents They comprise 
certain resins and acids of the fatty series or their aniline 
or urea salts. 

Antioxidants. — Ordinary rubber goods on exposure to light 
and air undergo ** ageing a process of oxidation which renders 
the products hard, brittle, and liable to crack. Chemical sub- 
stances, in very small amounts, are introduced in order to 
diminish this oxidation. These can be applied in solution to 
the rubber surface, but are usually incorporated in the mix. 
Phenols and hydroxyl ic compounds, amines, condensed 
amines and aldehydes, e.g. two bases condensed with one alde- 
hyde, and numerous other compounds have been suggested. 
Some have the disadvantage that they afiect the colour of 
the rubber and others produce ** bloom 


D. Rubber Derivatives 

Certain rubber derivatives have found use in the plastics 
industry. One of these is a rubber-tri-halide used as a thin 
wrapping material and weight for weight 20 per cent greater 
area than usual cellulose ester materials. Another is chlori- 
nated rubber prepared by chlorinating rubber solutions, and 
finds use as a lacquer for electrical insulating purposes and is 
practically non-inflammable and resistant to acid and alkali. 
It contains some 65 per cent of chlorine, and may be repre- 
sented at (C 5 H<,Cl 4 )n. Sulphonated rubber compounds and 
derivatives obtained by oxidizing rubber with oxygen in 
presence of catalysts or with hydrogen peroxide in acetic 
acid solution, e.g. are used in the manufacture of 

paints, Ac. 


E. Synthetic Rubbers 

The term synthetic rubber is given not merely to a product 
which is identical, so far as can be determined, with the natural 
product, but also to substances with rubber-like qualities and 

( B 480 > 86 • 
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^ioBcly related structures but certainly not identical. A 
«ivnthetic product from isoprene need not necessarily be 
identical with natural rubber; in the one case the compound 
may be and in the other (CgHg)!!!, and even with a 

formula (CgHg)!! there may be two compounds with the same 
formula but with the olefine links in different positions. Pro- 
ducts like the Russian synthetic rubber and the American 
product, duprene, are obviously quite different in composition 
from natural rubber. 

Numerous methods of preparing isoprene and analogous 
conjugated dienes have been worked out (for summary, cf. 
Ostromisslenskiy J. Russ,, 1915, 1472; Abs., 1916, i, 2), and 
numerous methods of bringing about the polymerization, but 
at the present time only three synthetic products are being 
manufactured on a comparatively large scale. 

These are the German and Russian hydrocarbons and the 
chlorinated product duprene or neoprene. It is not claimed 
that these compounds can be made at a price which can com- 
pete in the open market with natural rubber at 4d. or even Bd. 
per pound. The two hydrocarbons are being manufactured 
because the countries involved have an insufficiency of foreign 
exchange to pay for imported rubber, and also because they 
wish to have their own sources for rubber in case of war. 
Duprene and German synthetic are also manufactured because, 
for certain specific purposes, they are superior to natural 
rubber. 

1. Oerman Synthetic Rubber , — ^During the Great War Ger- 
many manufactured an appreciable amount of methyl-rubber 
— a polymer of 2 : 3-dimethylbutadiene — but the chief source 
is now the simple butadiene manufactured from calcium car- 
bide as starting-point. The products are termed Bona 1, 2, 
&c., and appear to have different values of n in the formulas 
{C 4 Hg)n, as indicated by the different viscosities of solutions. 
When reinforced by the addition of gas black as a filler they 
form valuable products, and even without a filler they yield 
excellent ebonites. The curing is similar to that of natural 
rubber, i.e. with sulphur, zinc oxide, an accelerator and an 
antioxidant. 

Another important series of synthetic products is made by 
polymerizing butadiene with some 10-30 per cent of another 
polymerizable substance, usually styrene or acetonitrile. The 
productsr—the so-called interpolymers — are met with under 



SYNTHETIC RUBBERS 


1099 


the names Buna S and Buna N. The production in 1938 was 
24,000 tons. These products are harder and tougher than 
natural rubber and respond less readily to heat, and in all 
probability they have a crossed chain structure — analogous 
to S vulcanized rubber but with a carbon linking in place of 
sulphur. They do not mill well, and take large quantities of 
fillers (softeners) without losing tensile strength. They are often 
used in admixture with natural rubber. They are less affected 
by oils than natural rubber and have higher resistance to 
abrasion (30 per cent). For the production of butadiene, aldol 
is manufactured from acetylene by the stages mentioned in 
Chap. LI, F. The aldol is reduced electrolytically or by neutral 
reducing agents to 1 : 3-butylene glycol, CH 3 -CH(OH)*CH,* 
CHj’OH, which on catalytic dehydration yields butadiene, 
CHa-.CHdLCH.,. 

The polymerization is effected by means of metallic sodium 
(0-5 per cent of the butadiene) deposited on an iron comb, and 
proceeds in autoclaves under pressure and careful t/cmperature 
regulation. 

2. Russian Synthetic Rubber^ SKB (cf. Rubber Age, 1935, 
16, 14). — The basis of this process is divinyl (butadiene), 
CHa :CI1 *011:0112, formed by the cracking” of superheated 
alcohol vapour with a mixture of aluminium and zinc oxides. 
The reaction involves the removal of water and hydrogen 
(dehydration and dehydrogenation). 

Probably the alcohol by dehydrogenation yields acetalde- 
hyde which reacts with alcohol, yielding water and butadiene. 
The latter is carried over with the gaseous products, and is 
extracted by scrubbing, using petroleum, and subsequent 
distillation. Various by-products are formed, including acetal- 
dehyde, ethyl ether, and butyl alcohol. The polymerization 
is brought about by the use of sodium (0*5 per cent). 

It is claimed that 100 parts of alcohol give 23*1 parts of 
rubber, and in 1935 about 25,000 tons were manufactured, 
and a certain amount of ether recovered as a by-product. 
The polymerization is exothermic and is carried out in auto- 
claves at 8 atm. pressure and 65® during 90-*120 hours, and 
finally at 40® for 3^ days. The product is worked up in much 
the same manner as raw rubber, and requires fillers, accelera- 
tors and antioxidants, e.^. 0*6 to 1-0 per cent of aldol-a-naph- 
thylamine, before vulcanization. In 1936 about half Russia’s 
demands for rubber were met by this synthetic product. 
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For the part taken by the sodium during polymerization, 
cf. Trans. Far., 1936, 295. 

Butadiene is also made by cracking petroleum, and the 
rubber from this is termed SKA. 

3. Dujyrene or Neoprene . — The basis is acetylene, and the 
first stage is the polymerization of this to vinylacetylene, 
CHjiCH-C.-CH, the second the addition of hydrogen chloride 
to form chloroprene, 2-chloro-A^* ’-butadiene, CHj : CH*CC1 : Cllg, 
and finally the polymerization of this to duprene, (C 4 H 5 Cl)n. 
The first stage is accomplished by using a saturated solution 
of cuprous and ammonium chlorides; a certain amount of 
divinylacetylene is formed and also tar, which has no com- 
mercial value; in stage two there is a tendency for a second 
molecule of HCl to add on, forming a dichlorobutene. The 
third stage requires the greatest attention as the polymeriza- 
tion may proceed too far and materials of little value be 
formed. To prevent this the reaction is stopped while there is 
still some chJoroprene present, and the material stabilized by 
the addition of a little phenyl-p-naphthylamine ; the monomer 
can be removed by distillation or solution in ethyl alcohol, 
and the product is xmvulcanized duprene. It is plastic, can 
be readily moulded, compounded with suitable fillers, e.g. 
carbon black, magnesia, oxide of zinc, rosin, cotton seed oil, 
&c., and can then be vulcanized with or without (oxygen 
vulcanized) the addition of small amounts of sulphur. 

Duprene is not regarded as a substitute for rubber, as it is 
more costly to manufacture, but it is being utilized where 
natural rubber is of little use. Its main advantages compared 
with raw products are: (a) it is more resistant to abrasion; 
(6) not so readily oxidized or ozonized, and less susceptible to 
fatigue and cracking; (c) oils, vegetable, animal and mineral, 
produce less deterioration (Ind. Eng. Chem., 1933, 1219); (d) 
more resistant to high temperatures, to storage and to sunlight; 
(e) not so porous to gases, and has a lower water absorption. 

On account of these properties it is used for balloon fabrics, 
printing rollers, high-tension cables, a non-corrosive lining for 
chemical plant, &c. 

It has certain disadvantages, viz. disagreeable odour, darker 
colour and inferior electric properties. It itself will not form 
hard rubbers (ebonite) by eji^austive vulcanization, but a 
mixture of it with raw rubber yields an ebonite which is more 
pliable than ordinary ebonite. 
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Chloroprene mixed with a solution of sodium oleate forms 
a synthetic latex, from which by rapidly stirring at 10'' a 
theoretical yield of a completely vulcanized neoprene rubber 
is formed after 24 hours. This latex is of great value for 
coating fabrics or for impregnating porous materials. 


LXII. NATURAL PRODUCTS DERIVED FROM 
CYCLOPENTENO-PHENANTHRENE. STEROIDS.* 

All these compounds contain the cyclopenteno-phenanthrene 
skeleton I, which is built up of three 6-membered and one 
5-membei5gd carbon ring. The numbering of the carbon atoms 
is given in the diagram. 



A. Sterols 

The sterols and phosphatides are normal constituents of 
oils and fats in both the animal and vegetable kingdom. To 
isolate them the oil is saponified with alcoholic potash, and 
after removal of alcohol the unsaponified matter is extracted 
with ether or light petroleum. A given fat frequently gives 
a mixture of sterols which are extremely difficult to separate, 
especially those from vegetable oils. In the oil they may be 
present in the free state or as esters of fatty acids. Those 
derived from vegetable oils are termed phytosterols and those 
from animal fats cholesterols. A list of the commoner sterols 
is given in the table. All are crystalline and yield crystalline 
derivatives. The structure of a typical sterol is given in II, 
which represents cholesterol. This also illustrates the number- 
ing of the carbon atoms in the side chains. All the sterols contain 

• L. F. Finer, Chemistry 0 / Natttral Products related to Phenanthrme, 
ind Editioa, New York. 1037; alio Rq>.. 1033, 108; 1034, 206; 1086, 341. 
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an OH group in po«ition 3 and Me substituents in positions 
10 and 13. They differ, however, in their degree of unsaturation 
and also in the nature of the long side chain in position 17. 


COMMON 8TKROLS 


Name 

Formula 

No. of 
double 
bonds 

m.“pt. 


Source 

Cholesterol . . 

Dihydrocho- 


1 

160 

38-8 

All animal cells, and 
is the chief cause of 
human gall-stones. 

lestorol 

C„H „0 

0 

142 

+ 28-8 

Do. 

Coprosterol . . 

C 27 H 48 O 

0 

102 

+ 23-5 

Faeces. 

Ostreaosterol 


2 

143 

-43-9 

Oysters. 

Ergosterol . . 

c , ,11440 

3 

163 

-133 

Ergot, yeast. 

t/3-Sito8terol 


1 

— 

— 

Cotton stiod oil. 

y-Sito 8 terol . . 


i 1 

146 

-42 4 

Fats of higher plants. 

Stigmasterol 


2 

170 

-46 

Calabar and Soya 
beans. 

Cinchol 


1 

140 

-34 

CinchonA bark. 

Zmyosterol . . 

1 

C„H„0 

2 

110 

-f47 

Yeast. 


Ergosterol differs from cholesterol in having three olefine 
linkings, viz. 5 : 6 (same as cholesterol), 7 : 8, 22 : 23, i.e. in 
the long side chain, and an extra methyl substituent in posi- 
tion 24. 

Stigmasterol has double bonds in positions 5 : 6 and 22 : 23, 
and an ethyl substituent in position 24, i.e. the side chain at 
17 is CHMe CHrCH CHEt-CHMe,. 

Sitosterol has the chain -CHMe-CHa'CH^'CHEt CHMeg, but 
is otherwise identical with stigmasterol. 

The completely reduced cholesterol is termed jS-oholestanoIy 
and the corresponding staturated hydrocarbon, obtained by 
removal of hy^oxyl, as oholestane* The hydroxyl in these 
compounds is removed by conversion into the chloro-com- 
pound and subsequent reduction with amyl alcohol and 
sodium, and the double linkings are finally hydrogenated by 
palladium and hydrogen. 

Theoretically a great number of structurally isomeric sterols 

• For relation between optical active and constitution, cf. Callow and 
Young, P. R. S., 1936, A., 167, 194. 

t Identical with 22-dihydroatigma8terol. 
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are possible, but very few are known owing to the fact that 
both hydroxyl and methyl substituents retain the same posi- 
tions in the different compounds. Structural isomerides are 
met with in the bile acids. 

The sterols do not contain true aromatic rings, but par- 
tially or completely reduced rings. 

The stereochemistry of the group is thus complicated and 
analogous to that of substituted decalins (Chap. L, A7). 

1. On the one hand, there are the steric arrangements due 
to the fusion of two cycloparaffin rings as in decalin. This 
fusion may be of the cis or trans tjrpe, and as in the steroid 
skeleton there are three such fusions, viz, A and B rings, B 
and C, C and D rings, the number of possible variations is 
great. In practically all cases, however, the fusion in the two 
latter cases, i.e. rings B and C and C and D, are all of the same 
type, namely, tran.^f-decabn type. An exception is the heart 
poison sarrnentogenin with a B and C ds fusion. Hence cases 
of stereoisomerism are attributable to the ds and trans con- 
densations of rings A and B. 

The steroids can be divided into two main groups, viz. 
(a) a group represented by cholestane and including such 
compounds as allocholane, allopregnane, stigmasterol, ergo- 
sterol and sitosterol. In these the union of the two rings is of 
the frarw-decalin type, with the result that the Me group in 
10 and the H atom in 5 are trans to one another. (6) A group 
represented by coprostane (coprosterol with OH replaced by 
H) and containing cholane, pregnane and aetiocholane. The 
union of rings A and B is of the o^-decalin type, and the Me 
at 10 and H at 5 are ds to one another. 

2. In nearly all cases steroids have an OH group in posi- 
tion 3, i.e. >CH(OH), and hence 3 is a point of dissymmetry, 
i.e. in all cases a normal and an epi confi^ration are possible. 
Considerable confusion has arisen as certain authorities classify 
the compounds as ds or trans when the OH is ds or trans to 
the H in 5* whereas others group them as ds or trans with 
respect to the Me group in 10, and it has been suggested that 
the two groups be termed (a) and (j8) {Fieser, p. 390). The 
(/S) group comprises cholesterol, dihy^ocholesterol, copro- 
steroT, ergosterol, whereas the epimerides or (a) group com- 
prises most of the bile acids and androsterone. 

Practically all compounds of the ()S)-type are precipitated 
• In «teroid> with §5:6 olefine link there is no H atom at 6. 
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by digitonin, whereas the (a)-compounds are not. The OH 
group in compounds of the ^-type is remarkably labile and 
readily replaced by halogen, and the corresponding alkyl 
ethers are also labile and the OR group readily replaced by 
halogen. The esters, e.g. acetates and benzoat^es, of the (jS)- 
group are also hydrolysed more readily than the epimeric (a)- 
compounds. These differences may be due to spatial relation- 
ships in the two groups (Helv., 1938, 498; Bull. Soc., 1933, 
[IV], 63, 581). 

Stereoisomerism due to the relative positions of the long 
side chain at 17 and the Me at 13 is also possible. 

The method of representation of stereoisomerides is illus- 
trated in the following formulae (cf. Miescher and Fischer^ 
G. and L, 1939, 113): 



Cholcstanol Epicholestano) 


The unsaturated sterols give characteristic colour tests with 
acetic anhydride and sulphuric acid, acetyl chloride and zinc 
chloride, and with trichloracetic acid. 

Plants are able to synthesize sterols from simpler materials 
such as sugars, and the higher animals appear to synthesize 
their own cholesterol and not to obtain it from vegetable 
sterols, as these latter appear to be eliminated unaltered from 
the system. 

An isomeric aWocholesterol is known with the olefine link 
in position 4 : 5. It is formed together with its epimeride by 
the reduction of cholestenone (CO in 3 and olefine link in 4 : 6) 
with aluminium isopropyl oxide, and on reduction gives copro- 
sterol indicating ois fusion of rings A and B. It is characterized 
by readily losing water yielding A^’^-cholestadiene. 

Normal ethers of cholesterol are obtained by the action 
of alcohols on the chloride, bromide or p-toluenesulphonate of 
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the sterol, whereas in the presence of potassium acetate an 
isomeric ether is formed derived from i-cholesterol, which is 
represented as having no olefine link but a bridge between 
C atoms 3 and 5 and the OH group in position 6: 



Structure of Cholesterol. — The presence of one hydroxyl 
group is proved by the formation of esters such as a mono- 
acetate and benzoate (1889), and that the OH is part of a 
secondary alcoholic group is proved by its oxidation to a 
ketone (1903). The presence of a double linkage is shown by 
the formation of a dihydride, a dibromide (1868), and a 
hydrobroraide. From the hydrogen content of the completely 
saturated hydrocarbon (cholestane, C 27 H 4 g), it is clear that 
four saturated rings must be present termed A, B, C and D. 

The structure of the side chain in position 17 has been 
proved as follows: When oxidized with chromic acid and 
steam distilled methyl isohexyl ketone is formed, the semi- 
carbazone of which is identical with that of the synthetic 
ketone, CH 3 -C 0 -[CH 2 ] 3 *CH(CH 3 ) 2 , thus indicating that the 
side chain is •CH(CH 3 )*[CH 2 ] 3 ‘CH(CH 3 ) 3 ; a second product of 
the oxidation is the ketone, CigllgoO, which contains the ring 
skeleton of the sterol but with C No. 17 in the form of CO. 

By dehydrogenation of the sterol with selenium at 320°, 
one of the products is a hydrocarbon, CigHig, termed DieVs 
hydrocarbon, and the structure of this has been shown by 
Harper, Kon and Ruzicka to be identical with that of syn- 
thetic 17-methylpentenophenanthrene : 



In this reaction the three 6-ring systems are converted into 
true aromatic rings, the methyl substituents attached to ter- 
tiary carbon atoms, i.e. groups at junction of two rings are 
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eliminated, and the complex group, Cglli,, is transformed into 
a methyl group. The position of the C 8 Hi 7 group at is thus 
proved, and also the position of the other substituents either 
two methyl or one ethyl at ring junctions is indicated, as they 
would not be removed if present as >CH*CH 3 groups in the 
sterol. 

Relationship of Cholesterol, Ergosterol and StigmasteroL — 

Each sterol is separately acetylated, the olefine linkages 
hydrogenated, and the product oxidized with chromic acid. 
If X denotes the fully hydrogenated 4‘ring system with OH 
in 3 and Me in 10 and 13, then dihydrocholesterol, X-CHMe- 
CH 2 -CH 2 *CH 2 *CHMe 3 , in the form of its acetyl derivative, 
gives as oxidation product 3-hydroxyaZZocholanic acid, 
X/CHMe-CHg-CHg-COjH, and this by Wieland's process of 
degradation, i.e. conversion into the tertiary alcohol 
X*CHMe*CH 2 *CH 2 *CPh 2 -OH by the action of phenyl mag- 
nesium bromide on the methyl ester and subsequent oxidation, 
yields benzophenone and hydroxynorcholanic acid, X-CHMe* 
CHj-COgH. This last product is formed when tetrahydrostig- 
masteryl or hexahydroergosteryl acetates are directly oxidized, 
and thus prove that the hydroxy, methyl and complex side 
chain occupy the same positions in all three compounds, and 
that the additional C atoms in these two compoimds are 
present as methyl and ethyl respectively in position 24, as 
they are elimina^d during oxidation with the terminal carbon 
atoms of the long chain as ketone CHg-CO-CHMeg and 
CHg-CHg'CO CHMeg respectively, or as the corresponding 
aldehydes on ozonolysis. 


B. Bile Acids 

Human bile contains inorganic salts, sodiunj salts of conju- 
gated bile acids, small amounts of cholesterol, lecithin, and 
bile pigments — ^among the most important of which is 
bilirubin, an oxidation product of haemin. It is produced in 
the liver and stored in the gall bladder, and the bile salts 
have the property of keeping substances insoluble in water in 
a state of solution or dispersion. After alkaline hydrolysis 
the bile yields the bile acids — ^usually a mixture of several. 

The table gives a list of the more important bile adds. 
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These acids are present in the bile as peptide-like com- 
pounds with glycine and taurine, from which they are liberated 
by alkaline hydrolysis. 

In hyodesoxycholic and lithocholic acid and probably in 
most bile acids the OH in 3 is trans with respect to Me in 10, 
i.e. they belong to the epicoprosterol scries, and probably the 
OH in 7 is in trans positions to Me at 10 in cholic and chenodes- 
oxycholic acids (B., 1935, 766, 1814). 

All the acids contain one carboxylic group and one or more 
hydroxy groups in the form -CH-OH. 

They all contain the same 4-ring skeleton as the sterols, 
but are free from olefine linkages. The corresponding saturated 
hydrocarbon is C23H4Q, cholane^ and the acid cholanic acidj 
CggHag-COOH. When the bile acids are heated under reduced 
pressure, 1 , 2 or 3 molecules of water are eliminated according to 
the number of hydroxyl groups present, and unsaturated acids, 
usually a mixture of isomerides with 1, 2 or 3 olefine linkages, are 
formed, but these are readily hydrogenated, pelding cholanic 
acids. In cholanic acid derived from common bile acids the rings 
A and B are in the m-decalin positions, whereas when hyodes- 
oxycholic acid is dehydrated and then hydrogenated, the pro- 
duct is oZIocholanic acid (i.e. the frans-decalin t]^e), although 
the hyodesoxycholic acid appears to be of the ds type. 

Desoxycholic acid forms very stable additive or co-ordina- 
tion compounds with fatty acids and also with esters, alcohols, 
ethers, phenols and even paraffin hydrocarbons. These are 
termed cholic acids, and the number of molecules combining 
with 1 of the bile acid varies from 1 in the case of acetic to 8 
in the case of palmitic and higher fatty acids. 

The close relationship between the sterols and the bile acids 
was established by Windans (1919), who, on gently oxidizing 
the saturated hydrocarbon, cholestane, obtained from chole- 
sterol, was able to isolate aZZocholanic acid, and by subjecting 
coprostane, which is stereoisomeric with cholestane, to the 
same treatment, cholanic acid, the parent substance of the 
bile acids, was obtained. In this oxidation the terminal iso- 
propyl group of the side chain of the sterol hydrocarbon is 
removed as acetone, and the CHg group adjacent is oxidized 
to COjH. This furnished a proof of the presence of the group 
•CHMe'CHa-CHji-COjH in position 17 in cholanic acid and the 
bile acids generally, and also of the presence of the same 
4-iing system in the bile acids as in the sterols. 
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Lithocholic acid can be obtained from cholesterol (J. Biol. 
Chem., 1936, 116 , 19), an intermediate being 3-hydroxy- 
A®-cholanic acid. 

The isolation of DieVs hydrocarbon and its synthesis can 
be claimed to have established the structure of the 4-ring 
skeleton of the sterols and bile acids, but considerable evidence 
had previously been advanced indicating the same structure. 

All reduced sterols and all bile acids contain one or more 
•CH-OH groups as part of a ring. Such secondary alcoholic 
groups are readily oxidized by suitable oxidizing agents to 
cyclic ketones — each >CH*OH group in its turn yielding 
>CO ; but in all reactions of the secondary alcoholic groups, 
e.g. acylation, hydrolysis, oxidation, there is a graduation in 
the positions numbered 3, 7 and 12, the 3 position being the 
most active. When one of these ketones is further oxidized 
with concentrated nitric acid or permanganate the ring is 
ruptured, and all cholic acids under this treatment yield a 
mixture of two tribasic acids which are usually termed bilianic 
acids \ thus desoxycholic acid monoketone desoxybilianic 
acid and iso-desoxybilianic acid. The formation of two struc- 
turally isomeric acids indicates (a) that the ketonic ring has 
been broken at two points, (6) that the ketone is present as 
— CHg’CO CHj — in the ring; otherwise if it were >CH*CO’CH 2 ‘ 
with one carbon attached to an alkyl group or to a secomi 
ring in addition to forming part of the original ring, one oxida- 
tion product would be a ketone. The formulas for the two 
acids, since the 3 position is first oxidized, would be: 


■K 

o^/\ 

ketone 


HO,C 


and 


\/\ 


1 / 


HO,C 


Evidence as to the size of the ketone ring from which the 
two acids were formed is afforded by an examination of the 
cyclic compound obtained on heating the acids, viz. ketones 
or anhydrides. According to Blancas rule (C. R., 1907, 144 , 
1356) only 1 : 6-dibasic acids * yield cyclic ketones on heating; 
1:3-, 1:4- and 1 : 5-dibasic acids yield anhydrides. Thus 

the bilianic acids must be 1 : 6 acids of the type HOj-C*C*C-C- 


* In the nunibermg the C atoms of the carboxylic groups are included. 
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C-COjH, and the original ketone must have been a six-mem- 
bered cyclic ketone. This proves that one ring (viz. the one 
marked A on p. 1105) is a six-carbon ring, is attached to only 
one other ring, and must contain the OH in position 2 or 3. 
Further jcareful study has favoured the 3 rather than the 
2 position. Dihydrocholesterol behaves in exactly the same 
manner, the only point of difierence being the relative pro- 
portions of the two bilianic acids formed on oxidation. 

This method of examination, viz. oxidation of the secondary 
alcohol to a ketone, the oxidation of these to dibasic acids, 
and the cyclization of these has been extended to the other 
rings present in the 4-ring skeleton. 

The method as applied to ring B in desoxycholic acid is 
indirect, as there is no OH substituent in this ring, and is 
shown in the following scheme where X ~ CO 2 H. 

The first product of oxidation is desoxybifianic acid (I), 
obtained by rupture of ring A. Further oxidation converts 
the CH*OH group of ring C into CO (IT), and still further 
oxidation ruptures ring C, giving a tetrabasic acid (III). On 
heating ring closure occurs, and a new cyclic ketone (old 
ring A) is formed (IV), and this on oxidation gives the ketonic 
(CO in ring B) tribasic acid (V) by rupture of the ketone ring. 
On still further oxidation ring B is ruptured, and a penta- 
carboxylic acid, sollanelic acid (VI), is formed, and this when 
heated yields a ketonic tribasic acid (VII), indicating that 
the last ring ruptured (B) is a 6-carbon ring (for confirma- 
tion, cf. Borsche, B., 1927, 723). 

OH CO 





Pyrodholoidlanic 


ProtoUanelio 
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Solbnclic 


X 



PyrosoIIanelic acid 


In 1926 Wielnnd succeeded, by starting with cholanic acid 
which contains no hydroxyl groups, in oxidizing ring D and 
proving that it is a 5-mcrnbered carbon ring. The method 
was the degradation process of converting an ester into a 
tertiary alcohol by means of a Grignard compound, and oxi- 
dizing this to a ketone and an acid containing one atom of 
carbon less than the original acid. 

Thus methyl cholanate, X*CHMe-CH2-CH2*C02Me,* gives 
the tertiary alcohol X'CHMe-CHg’CHa-CMea'OH, which is 
oxidized by chromic acid to acetone and X-CHMe-CHg-COgH. 
The process is repeated, using the methyl ester and phenyl 
magnesium bromide and oxidizing the diphenylcarbinol, 
X-CHMe CHg-CPhj-OH, to COPh^ and X-CHMe-CO^H. The 
latter can yield X-CHMe*CPh2*01I, which by loss of water 
gives X CMeiCPhg and on oxidation COPhg and X*CO*Me, 
and finally X-COgH aetiocholanic acid.lf This acid on further 
oxidation undergoes fission in ring D and a dibasic acid is 
formed, which when heated yields a cyclic anhydride. Hence 
the acid cannot be a 1 : 6-dibasic acid, but probably a 1:5- 
acid, and hence the original ring D a 5-membered carbon ring. 







'CH,CO,H 

Actiobilianic acid % 


• 0 

\|^x..o o 


• X represents the saturated 4-ring skeleton free from hydroxyl groups, 
t This scries of reactions proves the structure of the side chain, particu> 
lariy the position of the Me group. 

1 This acid is of further interest as when dehydrogenated with selenium 
it yields l:2-dimethylphcnanthrene, which has fcJecn directly synthesized, 



thus confirming the presence of a methyl group in the bile acid molecule 
in position 13. 
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When Blanc s rule is applied to the acids obtained by the 
fission of ring C, the result indicates that this is a 5-meni- 
bered ring, and for several years formulae for desoxycholic acid 
were represented as made up of two 6*- and two 5-mem - 
bered rings, but such formulae were abandoned as the result 
of X-ray examinations, and also as a result of the establish- 
ment of the structure of DieVs hydrocarbon, (p. 1105), 

and in 1932 RosenJiain and King suggested the formula which 
is now generally accepted for desoxycholic acid, viz. three 
6-membered carbon and one 5-membered carbon ring with 
OH substituents in 3 and 12, methyls in 10 and 13, and the 
complex side chain •CIlMe-CHg-CHo COgll in 17. 

Blanc's rule appears to hold good for all open-chain dibasic 
acids and for acids derived from a monocyclic compound, 
but not when the carboxylic groups are attached to a carbon 
chain which connects two ring systems. 

The fact that chrysene (Chap. XXXII, C.) is one of the 
products obtained by the selenium dehydrogenation of sterols 
and bile acids led Rosenhain and King to suggest a 6-carbon 
system for ring D, but this was discarded in 1932, and it was 
generally accepted that in the formation of chrysene during 
pyrolysis an opening of the five C ring occurs followed by a 
closing to form a six C ring. 

The synthesis of S'-methyl-cycIopenteno-phenanthrene I by 
Bergmann and Hilleman (B,, 1933, 1302) and by Harper, 
Kon and Ruzicka (J. C. S., 1934, 124), and the proof that this 
compound is identical with DieVs hydrocarbon, viz. by com- 
parison of X-ray photographs, the formation of the charac- 
teristic nitroso-compound melting at 238‘^-239® and the 
tribromo-derivative melting at 235® (1935, 644) may be re- 
garded a.s having settled the structure of the sterol and bile 
acid skeleton. 
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C. Ergosterol and Calciferol (Vitamin Dj) 

Ergosterol, C 2 gH 440 , has the same 4-ring skeleton as chole- 
sterol, but has three olefine linkings ‘and an extra methyl 
group. It was first prepared from ergot, but is now usually 
obtained from yeast, and is a compound of great interest 
on account of its relationship to vitamin D. The following 
points help in the elucidation of its structure. (1) When 
subject to ozonolysis one of the products is methyl-isopropyl- 
acetaldehyde, CHMeg-CHMe-CH : 0, which indicates a double 
linking at position 22 : 23 and the extra methyl group in 24 
(cf. formulae opposite p. 1101), 

•GHMe CHICH CHMe CHMe, 0 rCH CHMe CHMe,. 

The conjugate position of the remaining double bonds is 
proved by the formation of an additive compound with maleic 
anhydride, and also by its absorption spectrum and molecular 
refraction. As Windans (A., 1930, 481, 127) has shown that 
one olefine linkage is in the same position as in cholesterol, 
viz. 5 : 6, the other must be in position 7 : 8. 

A further proof of the position of these two double bonds 
is afforded by the dehydrogenation of neoergosterol (ergosterol 
minus the methyl in position 10) to a phenol with a naph- 
thalene system (A., 1934, 511, 292), indicating the removal of 
hydrogen from A in order to yield the phenolic OH and from 
B and not C to jdeld the second ring of the naphthalene 
system. The and not A®’* positions of the links is proved 
by the oxidation of ergosterol with perbenzoic acid and sub- 
sequent hydrolysis when ergostadienetriol is obtained, which 
is readily hydrogenated to ergostanetriol with 30H in 3, 5 
and 6, indicating the presence of the one link in position 5 : 6, 
and as the other is conjugate it must be 7 : 8. 

Many oils when expos^ to sunlight or ultra-violet light attain 
anti-rachitic properties similar to fish liver oils containing 
vitamin D. This was attributed to a change in the cholesterol 
constituent of the oil, but later ergosterol was regarded as 
the provitamin, as this sterol when irradiated acquires physio- 
logical activity, and careful investigation has shown that a 
whole series of changes occurs during irradiation, viz. 
1 ergosterol 2 lumisterol 3 tachysterol 4 calciferol 
6 toxisterol 6 suprasterols. All changes are intramolecular. 
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so all these compounds have the same molecular formula 
For some time it was thought that the only change 
taking place was a gradual shifting of the olefine linkages 
from ring A to ring D, so that the whole series had the same 
4-ring skeleton. More detailed examination has shown that 
there is a marked similarity between the first two compounds 
in both physical and chemical properties, and similarly with 
the third and fourth compounds, but that there are marked 
difierences between the two pairs. Thus 1 and 2 have very 
similar ultra-violet absorption spectra with a definite band at 
250-300, they both contain three olefine bonds, and both give 
Bid's hydrocarbon on dehydrogenation ; 3 and 4, on the other 
hand, have a much more intense absorption band in the same 
position; they can be shown to contain four olefine bonds 
by Hg absorption, and do not yield DieVs hydrocarbon on 
dehydrogenation. 

All compounds appear to contain the same side chain at 
17, with an olefine link at 22 : 23. Lumisterol and ergosterol 
are probably stereoisomeric, the former being the epiform 
of the latter (with reference to the No. 10 methyl group). 
The former is not precipitated by digitonin (J. C. S., 1935, 
1221 ; B., 1935, 539), The change which occurs at the second 
stage, viz. lumisterol tachysterol, must involve a fission 
of a ring, viz. B, and the formation of a fourth olefine link, 
whereas the third change involves the shifting of an olefine 



The presence of conjugated olefine linkages in both these 
formulae is compatible with the high absorption shown by 
both compounds. The above formula for calciferol, which was 
first suggested by Heilbron (C. and I., 1935, 195), is largely 
based on the following reactions: oxidation with chromic 
acid yields an unsaturated aldehyde 0^11340 and a saturated 
ketone C 19 HJ 4 O, the structures of which are represented by 
I and II: 
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X 



1 } 

CiJHCHO 


n 


X 



Calciferol forms an additive compound with maleic an- 
hydride (at the carbon atoms marked *), and this can be 
converted into 2 : 3-dimethylnaphthalene (structure proved 
by synthesis) by selenium dehydrogenation: 


HO 



-<-'0X0 _ 
-€ 0 / 

^h:c(c„h,.) 



The latter reaction is interesting as it involves the con- 
--C0. 

version of ^0 into two methyl groups, but other 

examples of the same type are known. 

CaClciferol yields a definite crystalline 3 : 5-dimtrobenzoate. 
By the action of heat on calciferol two products, wopyro- 
calciferol and pyrocalciferol, are formed. The former when 
oxidized with mercuric acetate yields the same dehydro- 
ergosterol as is obtained by oxidizing ergosterol, and hence the 
two sterols are stereoisomeric and differ only with respect to 
C9. Similarly lumisterol and pyrocalciferol yield the same 
dehydrolumisterol on oxidation and are stereoisomeric. The 
two pyro-compounds differ from one another in the steric 
arrangements of the methyl group, in exactly the same 
manner as do ergosterol and lumisterol (Dimroth^ B., 1936, 
1123; of. J. C. 8., 1939, 260). 
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Pyrocalciferol 


For several years it was thought highly probable that calci- 
ferol (Dg) was identical with the vitamin D present in fish 
liver oils, but it was found that the natural product was 
superior to Dg in its curative effects on rachitic chicks. 

It has been shown that T-dehydrocholesterol * (i.e. ergo- 
sterol with the unsaturated side chain replaced by the satu- 
rated chain of cholesterol, viz. *CHMe(CH 2 ) 3 -CIlMe 2 ) when 
irradiated yields a product showing exactly the antirachitic 
activity and absorption bands as the natural vitamin and has 
been isolated as its 3 : 5-dinitrobenzoate melting at 128*5°. 
It has been termed vitamin Dg, and by a series of solution 
between two solvents and of fractional chromatographic 
absorption on alumina has been isolated from tunny liver oil 
and halibut liver oil (Z. physiol, 1936, 241, KM; J. A. C. S., 
1936, 2155) and characterized as the dinitro benzoate melting 
at 128-5°, 


D. Sex Hormones f 

The male and female sex hormones referred to in Chap. 
LXVIII, B., form another group of compounds containing the 
same 4-ring system as the sterols and bile acids. 

The formulae I-IV for the four common hormones illustrate 

• A®*^-Chole8tadien-3-ol is present in pigskin and can be prepared by 
the following series of reactions : 

Cholestervl acetate with chromic acid gives the ‘C : O group in position 7, 
and this reduced with aluminium tiopropoxide gives *CH(OH) in the same 

r sition, and by the hydrolysis of the acetate a similar ^oup in position 
, i.e. 3 : 7-dihydroxycholc8t-6-cne, and the dibenzoyl derivative of this 
when heated loses a molecule of benzoic acid and yields the benzoyl deri* 
vative of A®‘^-chole8tadien-3-ol, i.e. the benzoyl derivative of a compound 
differing from ergosterol by the absence of a double linkage in the side chain 
at 17. 

t BuiemmdL C. and L, 1936, 990; Rep. 1936. 860; 1938, 800. 



OESTRONE 


1117 


some of the more important structural differences between 
these hormones and the sterols. 


O 




'ii* ?| 


HO^ 

Oestroiie, CigHjoOj. 


Ill 


/\! 




Androsteronc, 



Progesterone, 

OH 



Testosterone, 


Although they all contain the same 4-ring skeleton and the 
methyl groups in 10 or 10 and 13, some contain *011(011) 
in 3 and others *0:0 in this position as part of the ring, and 
all are devoid of a long side chain at 17. The degree of un- 
saturation varies considerably, but any olefine linkages (1 or 
3) occur in ring A. 

Oestrone, CigHjjgOg, the follicular hormone, is a hydroxy 
ketone with three olefine linkages in the rings, and the eluci- 
dation of its structure is largely due to Butenanit, When oxi- 
dized the ring (D) containing the carbonyl group is ruptured, 
a dibasic acid is formed, and when this is heated it yields an 
anhydride and not a ketone, and hence the original ring was 
a 5-carbon and not a 6-carbon ring. The formation of 1 :2-di- 
methylphenanthrene — which has been synthesized by Haworth* s 
method (Chap. XXXII, B2,) — by the selenium dehydrogenation 
of the dibasic acid indicates that the 5-carbon ring is attached 
to the phenanthrene system in the position 1 : 2. The given 
formula is also supported by unimolecular film measurements. 
The 3-position of the hydroxylic group follows from the re- 
lationship between the sterols and sex hormones, and the fact 
that the hydroxyl is phenolic and not alcoholic indicates the 
presence of at least one of the olefine linkages in this ring. 
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The following synthetical reactions are of value in discus- 
sions on the structure of oestrone: 

(1) Starting with 5-nitro-2-naphthylamine and replacing the 
NII 2 by OH, methylating and then replacing the NOg by I 
through the intermediary of the amine, the product (I) is 
obtained. This is converted into the Orignard compound, and 

I 

I X\/l\ 

IS II j 

then condensed with ethylene oxide, yielding 2-methoxy-5- 
hydroxyethyl-naphthalene, OMe*CioHe-CH 2 *CH 2 *OH. This is 
converted into the chloride and this into the Grignard com- 
pound, which condensed with 2-methyl-cycJopentan- 1 -one gives 
the alcohol (II). On heating this loses water yielding the 
unsaturated compound (III), which on ring closure gives the 



4-ring system (IV), which can be dehydrogenated by selenium 
to 7-methoxy-l : 2-<jyciopentenophenanthrene ♦ (yield only 0*04 
per cent of the naphthalene compound used), which is also 
formed by converting oestrone into its methyl ether, reducing 
and dehydrogenating. Hence the 4-ring system and the 
position of the hydroxyl group are confirmed {Cook and 
others, J. C. S., 19M, 653; cf. ibid- 864). 

(2) Starting with oestrone methyl ether and carrying out the 
reactions indicated: 



•The angular Me ia eliminated. 



PROGESTERONE 


1119 



when the final product is 7>methoxy-3' : 3'-dimethyl-l : 2- 
cyclopentenophenanthrene. In the last reaction the methyl 
group in position 13 passes during dehydrogenation into 
position 17 in the 4- ring system, a reaction which has been 
met with in other cases and may be regarded as a confirma- 
tion of the 13 position of the methyl group in the original 
hormone. 

The two hormones equilin, C 18 H 20 O 2 , and equiJenin, CisHiA. 
yield the same product when treated as above, and hence 
these compounds have their OH, Me and CO groups in the 
same positions, viz. 3, 13 and 17, and as eqiiilenin forms a 
well-defined picrate it appears to be a true naphthalene deri- 
vative with the structure I, and equilin, which contains one 
olefine link less, is represented as having a double bond in 
position 7 : 8, but single bonds in 6 : 7 and 8 : 9 (Cook and 
Roe, C. and I., 1935, 501). 


O 



Compounds closely related to equilenin have been synthe- 
sized by Robinson (J. C. S., 1938, 1390, 1994). 

Oestradiol, C28H2402, is the secondary alcohol corresponding 
with the ketone oestrone, and ocstriol, CjgHjiOj, is the 16- 
hydroxy oestradiol. 

Progesterone, CgiH^Oj, the hormone of the corpus luteum, 
is an unsaturated diketone, and its ultra-violet absorption 
spectrum indicates that the olefine link is in the a]8-poaition 
with respect to one carbonyl group, and the formula II (p. 1117) 
suggested by Slotia (1934) has ^en confirmed by Femhoh 
(1935), who prepared it from the plant sterol stigmasterol 

(p, 1102). 
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Stigmasterol is converted into its acetyl dibromide to 
protect both the hydroxyl group and the olefine linkage in 
ring B; it is then subjected to ozonolysis, the product is de- 
brominated with zinc and hydrolysed, and in this way the 
complex chain at position 17 in stigmasterol is converted 
into the simpler group •CHMe-COgH. The methyl ester of 
this with phenylmagnesium bromide yields the carbinol 

•CHMe-G^ Ph , and this on dehydration the unsaturated hydro- 

\OH 

carbon -CMeiCPhg. Then by acetylating to protect the OH 
in position 3, and adding bromine to positions 5 : 6, oxidizing 
the group in position 17 to -CO-CHa (and benzophenone), 
followed by debrominating and hydrolysing, the ketone A®- 
pregnene-3'ol-20-one * (II), is formed, and when the dibromide 
is oxidized the CH*OH in position 3 gives a CO group, and on 
debromination with zinc and acid the olefine linkage wanders 
into the 4:5 position to become conjugate with the C:0 
group in position 3. (N.B. by debromination in neutral solu- 
tion it is possible to avoid this wandering of the double bond.) 


COCH, 


n 



Androsterone, C19H30O2, has a completely saturated ring 
system, with a secondary alcoholic •CH(OH)* and a carbonyl 
group in the rings. Its structure follows from its forma- 
tion from epidihydrocholesterol. Dihydrocholesteryl acetate 
when oxidized with chromic acid in glacial acetic acid solution 
yields a ketone stereoisomeric with androsterone and possess- 
ing similar physiological properties (Ruzicka, Helv., 1934, 
1389; 1935, 1407), and by substituting the acetyl derivative 
of epidihydrocholesterol f a small amount of androsterone is 
formed. The oxidation consists in completely removing the 

* The Mtunted hydrocarbon it termed pregnane, 
t H and OH of the *CH(OH)‘ group in epi positions compared with these 
groups in dihydrocholesterol. 
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side chain and converting >CH CHMe-[CH2]8*CHM.e2 into 
>C:0. 

A somewhat similar method has been used by Marker 
(J. A. C. 8., 1935, 1755, 2358) by replacing the OH by chlorine 
instead of acetylating. The stages are: 

oholesterol oholesteryl chloride cholestyl chloride (2H in 5 : 6 

2H 

positions) -► a-ohloroandrostorone -► androsterone. 

CrO* K acetate 

and hydrolysia 


In this case, as cholesterol belongs to the normal and andro- 
sterone to the epi series with respect to carbon No. 3, a Walden 
inversion must have taken place. 

Accompanying androsterone in nature is the active hor- 
mone dehydro-iso-androsterone, 0^9112302, i.e. a compound with 
an olefine link in position 5 : 6 and with the OH in 3 in 
the normal position, also a third hormone, androstaiidioney 
CigHggO,, similar to androsterone but with CO in place of 
CH{OH) in position 3. 

Dehydro-wo-androsterone has been prepared from choles- 
terol in exactly the same manner as progesterone from stig- 
masterol (p, 1120), hence the )3-position of the OH in 3. 

Testosterone, Ci9H2802 (IV, p. 1117), isolated in 1935, is an 
ajS-unsaturated ketone; it is unstable towards alkalis and 
physiologically is about 10 times as active as androsterone. 
Its structure follows from the following series of reactions: 

dehydro-itfo-androsterone -► dialcohol (androsten-lS : 17-diol) 
red, with Na and EtOH 

diacetate 17-monoacetate dibromide {pr in 5 and 6). 
hydr, Br* 

This oxidized, debrominated and hydrolysed gives testo- 
sterone. Here again a shifting of the double bond to the 4 : 5 
position occurs during debromination. This gives a method 
for preparing testosterone from cholesterol. 

Slight changes in structure of the testosterone molecule affect 
its activity. A 17-methyl ether has much the same activity 
as the original ketone, whereas the corresponding ethyl, vinyl 
and allyl compounds are inactive. A compound isomeric with 
testosterone but with the opposite configuration at 17 has 
only a small hormonal activity, and a shifting of the double 
( B 480 ) 37 
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bond to the 5 : 6 position lessens the activity. In a series of 
esters of testosterone, it is found that an increase in the number 
of carbon atoms in the acyl group diminishes the activity as 
measured by comb growth in the cock, but increases its activity 
as measured by the rat test. 

It has been suggested that bile acids and the sex hormones 
may possibly be derived from cholesterol in the animal system 
by oxidation at the points a, 6 and c in the 17 -side chain 

aj (a) 

CHMv ~ ( j -- ( } I Me,. 


Oxidatipn at (a) would give the bile acids accompanied by 
hydrogenation in ring B and introduction of one or more OH 
groups. Oxidation at (6), followed by oxidation of CH-OH at 
3 and a shifting of the olefine link from 5 : 6 to the 4 : 5 
position, would give progesterone, and this by the addition of 
6H gives pregnanediol and its isomer ide. Oxidation at (c) 
produces dihydroandrosterone, and by oxidation and subse- 
quent reduction testosterone and androsterone are formed, or 
by loss of CHj and dehydrogenation oestrone, and from this 
equilin by loss of 2H and equilenin by loss of 4H. 

It has also been suggested that the ring skeleton of the 
sterols with the long side chain at 17 may be formed by the 
cyclization of carotene (Chap. LXIV, Al) and its degradation 
(Bryant, C. and I., 1935, 907, 1082; cf. Conversion of squalene 
into a tetracyclic compound, Rvzicka, Helv., 1932, 431). 

A glance at the formulae of the chief sex hormones shows 
that they are closely related, and it has been found possible 
by relatively simple chemical methods to change a male hor- 
mone into a compound with follicular hormone properties. 
Thus the introduction of a CO group in place of the CH^ in 
position 6 of testosterone produces a compound with proper- 
ties similar to those of oestrone, and the introduction of a 
A^-link in the male hormone, androstandione, changes it from 
a male to a female hormone. Much work is now being carried 
out to establish relationships between structure and physio- 
logical activity on these types of compounds (cf. Bep., 1938, 
289). 

Many compounds of the 4rring type (cholane skeleton) 
have the physiological properties of the foUicular hormone; 
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others with a S-ring systein, e.g. the acid formed by the 
fission of the S-mciuhered ring D, have similar properties, 



as have also (a) 1-keto-l : 2 : 3 : 4-tetrahydrophenanthrene, 
(b) a derivative of 1:2:5: 6-dibenzantliracene (Chap. LXIII) 
with OH and CgH^ in para positions in the middle ring. On 
the other hand, the isomeric 4-ketotetrahydrophenanthrene is 
inactive. None of these compounds has physiological activity 
similar to that of androsterone. Of synthetic compounds with 
properties similar to those of oestrone the most interesting 
are the 4 : 4' -dihydroxy derivatives of 5-diphenylethane and 
5-diphenylethylene (stilbene). The ethane derivative has only 
slight activity, but the introduction of the double link increases 
the activity considerably, and the compound with the greatest 
activity appears to be 4 : 4'-dihydrox7-a/S-diethyl8tilbene, 
OH*CgH 4 *CEt:CEt-CgH 4 *OH. A dimeride of p-hydroxypro- 
penylbenzene, 0H-C4H4*CH : CH'CHj, has an activity com- 
parable with that of oestrone (Nature, 1937, 189 , 627, 1069; 
1938, 141 , 78, 247). 

Hormones of Adrenal Cortez.'^ — Cortin is the hormone of 
the adrenal cortex, and its function is to regulate and maintain 
the normal quantity of fluid in the vascular system. A crystal- 
line compound obtained from cortin is corticosterone I, which 
is closely related to 21-hydroxyproge8terone II. This latter 
can be prepared from stigmasterol and shows distinct cortical 
activity. 

COGHjOH COCH.OH 



Corticosterone is readily converted into allopregnane III 
by the following stages: (1) Reduction of both CO groups to 

^WintersUin ind Smith, Ann. Rev. Bio., 1938, S63; Mietcher, Angew. 
Chem., 1988, 561. 
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CH OH. (2) Oxidation of the 17 side chain •CH(OH)*CH 2 *OH 
to Clio. (3) Reaction of the -CHO with CHgMgBr yielding 
the side chain •CH(OH)-CH3, the oxidation of the three CII-OH 
groups to CO, and by the action of zinc mercury couple the 
reduction of the three CO groups to Cllg. 



E. Heart Poisons 

To the cardiac poisons belong the most active constituents 
of the digitalis group, the strophanthins, periplocin from 
Periploca gracea, cymarin from Apocynum cannabinum, and 
uzarin from uzarin root. Some of these are used by natives 
as arrow poisons and some as medicinal compounds, especially 
as heart stimulants. Very small doses injected intravenously 
revive the heart action and lead to strengthening the con- 
traction without altering the frequency. They also act on the 
blood vessels and increase the blood pressure. 

They are all complex glycosides and on hydrolysis yield a 
sugar or mixture of sugars and hydroxypolynuclear com- 
pounds — allied to bile acids and termed genins or aglycones. 
The best-known compounds are those derived from the purple 
foxglove, Digitalis purpurea. The crystalline glycoside digi- 
talin was isolated as early as 1869, and later from the same 
plant and from D. lanata the glycosides digitoxin, gitoxin, and 
digoxin were isolated and the structures worked out by 
Jacobs (1922~'34). A, Stoll (1933-35) was able to show that 
these are the partial hydrolytic products of the actual glyco- 
sides present in the plant tissues, and that these latter glyco- 
sides can be isolated if the enzymes present in the tissue are 
first destroyed. 

Three of these complex glycosides, digitanides A, B and C, 
have been isolated. 

A on partial hydrolysis gives digitoxin, and on complete 
hydrolysis digitoxigenin with digitose (3 mols.), glucose and 
acetic acid. 
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B gives gi toxin, and finally ^dloxigenin with the same sugars 
and acetic acid. 

C gives digoxin, and finally digoxigenin with the same 
sugars and acetic acid. 

The sea onion (Scilla maritima) and species of strophanthns, 
e.g. S. komhey yield strophanthin )8, which hydrolysed gives 
strophanthidin together with glucose and cymarose,* C7H14O4. 

IJzarine on hydrolysis gives a-anhydrouzarigenin and two 
molecules of glucose. 

All the genins have the cyclopentenophenanthrene skeleton 
characteristic of steroids, and in nearly all cases the rings 
are completely saturated. There is usually the characteristic 
OH group in position 3, and usually one or more OH groups 
together with methyl groups in 10 and 13, and occasionally 
a -OHO in place of Me at 10. The characteristic group of the 
genins appears to be a lactone ring in position 17, viz. 
.CH2-CO 

I ’ which can be oxidized to *C02H. It is a lactone 

^ciro 

derived from a jSy-unsaturated acid with an OH group a to 
the double link OH'CHiC’OHg’CO’OH. This is proved by the 
fact that all give LegaVs reaction, viz. a pyridine solution of 
the genin, and sodium nitroprusside gives a deep red colour 
on the addition of a few drops of alkali. This reaction is specific 
and is not given by other lactones. Lactones of this type 
undergo fission on reduction unless the jS-carbon atom carries a 
substituent, and as the lactone ring of the genins is not ruptured 
on reduction the conclusion is drawn that this ring is attached 
to the pentenophenanthrene skeleton by its j3-carbon atom. 

l^he commoner heart poisons are: 

1. Digitoxigenin, C23H34O4, with OH at 3 and 14, Me at 10 
and 13, and the lactone ring at 17 (cf. formula opposite p. 1101). 

• The »ugar« cyinarose, C7H]404, digitoxose, C4H11O4, and digitalosc 
have not been met with in other plants and are represented as follows {Elder- 
felty J. Biol. C., 1935, 111, 827): 

OCHg OH OH 

Cymarose, CHO • CH, • C * C • C • CH*. 

H H H 

OH OH OH 

Digitoxose, CHO • CH, • C * C • C • CH,. 

H H H 
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2. Digoxigenm, from digiialin, has three OH 

groups at 3, II and 13, 

3. Gitoxigenin, C23H34OS, similar to 1, but with a third Olf 
at 16. 

4. Strophanthidin, 023113203, with OH at 3, 5 and 14, CHO 
at 10, Me at 13, and the lactone ring at 17. 

5. Uzarigenin, O23H34O5, isomeric with 3, and has the three 
OH groups at 3, 8 and 14. 

6. Periplogenin, C23H34O5, with the three OH groups at 3, 
5 and 14. 

7. Sarmentogenin, C23H34O5, stereoisomeric with 2 with 
respect to C atom No. 9. 

The presence of the cyclopentenophenanthrene skeleton in 
these compounds was demonstrated by Tschesche, who con- 
verted uzarigenin by the following series of reactions into the 
same aetio-aifo-cholanic acid as that obtained from chole- 
stane : 

(а) The OH groups are removed and the olefine link in the 
lactone hydrogenated. 

(б) The saturated lactone is oxidized when the dibasic acid 

/CO2H 

group -CH^^ in position 17 is obtained. 

\CH2CO2H 

(c) The methyl ester of this acid with PhMgBr gives 
a compound with the ditertiary alcohol group at 17: 

/CPha-OH 

•CH< 

\CH2-CPh20H. 

(d) On oxidation this yields benzophenone (2 mols.) and 
aetioaJiochoIanic acid, i.e. the monobasic acid with ‘COgH in 
position 17. 

Digitoxigenin treated in the same way gives aetiocholanic 
acid, and all cardiac genins give ZHel^s hydrocarbon, methy- 
cyclopentenophenanthrene, by selenium dehydrogenation. 

The reduction of the olefine link in the lactone, or the open- 
ing of the ring, deprives the compounds of their physiological 
activity. The sugar residues in the original poisons appear 
to be of value in rendering the genins more soluble and more 
readily absorbed. 

The lactone ring may be regarded as derived from the side 
chain, •CH(CH3)*CH2-CO-OH, present in norcholanic acid, vis. 
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oxidation of the CH3 to CHO, the aldehyde reacting in the 
enolic form: 

/CHjCOOH CHj,COOH /CH,CO 

•ch/ -c/ .(v I 

\ch:o ^cH'Oh ^'^cho. 

Numerous stereoiaomerides are possible, due both to cis 
and trans fusion of rings and also the normal and epi positions 
of substituents. Dihydrostrophanthidin is concluded to have 
a cis'decab’n fusion of rings A and B, as the cyanohydrin 
formed by the addition of HCN, when hydrolysed, yields a 
hydroxy acid which forms a lactone with great ease (OH from 
CO2H and H from OH at 5), a reaction only possible with a 
cis-fusion of A and B, and it is probable that this cis-type of 
fusion of A and B is characteristic of all the highly active 
heart poisons of the digitalis group (cf. Rep., 1934, 218; 1936, 
363). 


F. Saponins 

The saponina form a group of glycosides widely distributed 
in the vegetable kingdom. They are soluble in water, insoluble 
in ether, and give stable emulsions with water and oils. They 
have a bitter acrid taste, give a soapy foam when shaken 
with water, and have a haemolytic action on red blood cor- 
puscles yielding hasmoglobin. They form definite compounds 
with sterols and are used for isolating and estimating these 
in plant extracts. Thus digitonin and cholesterol give an 
insoluble compound containing equal molecular proportions. 
They also form definite additive compounds with such com- 
pounds as phenols, thiophenols, ethers, ketones and ter- 
pineol. On hydrolysis they yield sugars and genius, the sapo- 
genim, Soapwort (Saponaria officinalis) root contains sapo- 
Tubin, but those which have been moirt carefully examined 
are derived from species of digitalis. Sarsaparilla root yields 
the genin sarsasapogenin, 0,7154403, Btereoisomeric with tigo- 
genin. 

Digitalis purpurea contains, in addition to the cardiac 
glycosides (this Chap., E.), three saponins (given below) which 
on hydrolysis give the corresponding genin and a mixture of 
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sugars, e.g. digitonin yields galactose (4 mols.) and xylose 
(1 mol.). 

1. Digitonin, CgeHggOg#, gives digitogenin, C27H44O5. 

2 . Gitonin, CsoH^aGga, gives gitogenin, C27H4/)4. 

3 . Tigonin gives tigogenin, €27114403. 

The relationship of these genins to the sterol group was 
pointed out by EuzicJca and van Been (1929), and Jacob and 
Simpson (1934) proved the presence of S'-methyl-cyclo- 
1 : 2-pentenophenanthrene among the products of selenium 
dehydrogenation . 

Further evidence of tliis relationship has been afforded by 
the degradation of sarsapogenin to actiobilianic acid (p. 1109). 
(C. and I., 1936, 925). 

The following structure for tigogenin is generally accepted: 
OH at 3, Me at 10 and 13, and the following complex at 16 
and 17: 

• CHMi- CH CH CH, 

*' 6 6 CHMe 

CIIj. 

Gitogenin has an additional OH at 2, and digitogenin a 
third oil at 6. 

For evidence of structure of side chain, cf. Fieser, Helv., 
1936, 735. I'he compounds tigogenin and sarsapogenin are of 
the p-type referred to on p. 1103, as they are precipitated by 
digitonin. 


LXIII. CARCOGENIC HYDROCARBONS 

The fact that workers in tar-distillation factories suffer 
from cancer of the skin led to the careful investigation of 
various tar products, and it was found that the higher frac- 
tions containing the more complex hydrocarbons give charac- 
teristic fluorescent spectra and contain the cancer-producing 
compounds. 

The first compound isolated in a pure state which possessed 
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these properties to any appreciable extent was 1 : 2 : 5 ; 6 
dibenzanthracene II, a derivative of 1 : 2-benzanthracene 1. 



This hydrocarbon readily produces skin cancer on mice when 
they are painted twice weekly w^ith a 0*3 per cent solution. 

Cooh and his co-workers have investigated a number of 
complex hydrocarbons and draw the conclusion that deri- 
vatives of 1 : 2-benzanthracene with alkyl substituents in 
positions 5 and 6, or a 5- or 6-membered C ring fixed in this 
position, have carcogenic properties. Of the two the five posi- 
tion appears to have a higher value than the 6. Substituents 
or rings attached in other positions to the 1 : 2-benzanthra- 
cene molecule, e.g. in 2' : 3', 3' : 4', 3:4, 6:7, or 7 : 8 produce 
no carcogenic activity. The addition of further rings (5- or 
6-membered) to 1:2:6: 6-dibenzanthracene diminishes its 
activity. 

Compounds showing great activity are benzpyrene (Formula 
IX, Chap. XXXII, C.), which may be written as I and is then 
seen to be a derivative of 1 : 2-benzanthracene, also methyl 
cholanthrene II (Synthesis, J. A. C. S., 1936, 2482), which 
when written in the form III is seen to be a 5 : 6 : 10-substi- 
tuted 1 : 2-benzanthracene, and can be obtained from desoxy- 
cholic acid (this Chap., B.) or by synthesis (J. A. C. S., 19^, 
228, 942). 



(B 480) 


37 • 
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Cholanthrene and 5 : U)-dialkyl derivatives of 1 : 2-benzan- 
thracene appear to be equally active, and the presence of the 
fifth ring in cholanthrene is not essential. The introduction of 
substituents in positions other than 5 and 10 lessens the activity. 

Both 1:2:5: 6-dibenzacridine and its 3:4:5: 6-isoiner 
have feeble carcogenic properties. 

Only a few compounds which cannot be regarded as re- 
lated to 1:2:5: 6-dibenzanthracene have the power of pro- 
ducing cancer; of these 3 : 4-benzphenanthrene IV, 5 -triphenyl- 
benzene and tetraphenylmethane are noticeable. 


IV 



Of the synthetical methods used in the preparation of some 
of these complex systems the following are of interest. 

1. Phthalic Anhydride Synthesis, analogous to Haworth's 
phthalic anhydride synthesis of phenanthrene derivatives 
(Chap, XXXII, B.). — The condensation with a naphthalene 
derivative, with aluminium chloride as catalyst, gives a ketonic 
monobasic acid, which, in the presence of sulphuric acid, 
undergoes ring closure yielding a quinone which can be reduced 
by zinc and ammonia to a 1 : 2- benzanthracene derivative. 



In certain cases the carbonyl group renders the ring closing 
very slow, and it is then advisable to reduce the CO to 

/CH. 

CHj before ring closure so that the system C<,H 4 <^ 


‘\co / 


is formed, which can then be reduced to the hydrocarbon. 
When alkylated naphthalenes are used, migration of alkyl 
groups can occur, so that arguments as to structure based upon 



SYNTHESES OF COMPLEX HYDROCARBONS 


1131 


this method of synthesis must be accepted with reserve. In 
other cases molecular rearrangements occur, so that in place 
of the 1:2:7; 8-dibenz compound expected, the 1 : 2 : 5 : 6- 
isomer is formed (Cook and others, J. C. S., 1932, 1472, 3742; 
1933, 3342). 

By using naphthalene-1 : 2-dicarboxylic acid anhydride and 
a benzene derivative various substituted benzanthracenes can 
be obtained, e.g. the 6- and 7-t5o-propyl compounds. 

By using a-naphthoyl chloride and /3-methylnaphthalene and 
reducing the ketonic acid before cyclization, 1:2:7: 8-diben- 
zanthracene is obtained by condensing, oxidizing the methyl 
group with selenious acid, reducing, ring closure, and final 
reduction. 

2. Pschorr Synthesis. — 1 : 2 : 5 : 6-Dibenzanthracene was first 
synthesized by this method (M., 1918, 315). 

The procedure is analogous to that described in Chap. 
XXXII, B., but the sodium salt of a dibasic acid, e.g. 
p-phenylenedi acetic acid, CgH 4 (CH 2 *C 02 H) 2 , and two molecules 
of the aldehyde, o-nitrobcnzaldehyde are used. By elimina- 
tion of two molecules of carbon dioxide from the final dibasic 
acids a mixture of 1 : 2 : 5 : 6- and 3:4:5: 6-dibenzanthracenes 
is formed, but the yields are not good. The method has 
been used for synthesizing 3 : 4-benzphenanthrene from o-nitro- 
benzaldehyde and naphthalene-j8-acetic acid, QioH^-CHg-COgH 
(J. C. S., 1931, 2524). 

3. Succinic Anhydride Synthesis (cf. Chap. XXXII, B.).— 
1 : 2-benzpyrene is formed by condensing pyrene I with succinic 
anhydride, reducing the ketonic acid II with zinc to III, ring 
closure with stannous chloride to the tetrahydrocyclo compound 
rV, followed by reduction with selenium or zinc to benzpyrene V : 



Cf. J. C. S., 1933, 400, and B., 1935, 1079, 
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4r. Elbs’ Synthesis. — The conversion of o>tolylphenjlketone 
into anthracene (Chap. XXXII, A.) by pyrolysis is the basis 
of a general method for the syntheses of substituted anthra- 
cenes worked out by Elbs (B., 1884, 2847; 1885, 1797; 1886, 
408; J. pr., 1886, 33, 180; 1887, 36, 465; 41, 1, 121). This 
method was extended by Glar (B., 1929, 350, 1378, 1827) to 
naphthyl ketones with an ortho methyl substituent. 

To obtain these o-methyl ketones the following methods 
may be used: 

(а) Condensation by the Friedel-Crafts method of aroyl 
chlorides with ^-methylnaphthalene. 

(б) Reaction between an aroyl chloride and the Orignard 
compound obtained from bromo-2-methylnaphthalene: 


BrMg. 

CeH. CO Cl + VtoH. 

CHa^ 


+ MglM. 



On heating to about 400° the ketones lose water and yield 
polycyclic hydrocarbons. 

Thus jS-naphthoyl chloride and jS-methylnaphthalene yield 
the ketone, 



which on pyrolysis gives 1:2:5: 6’dibenzanthracene. The 
yield is 32 per cent, and it is the best method of preparing 
the compound, a by-product is the isomeric 1 : 2 : 6 : 7- 
dibenzanthracene. 

Caution must be exercised in deducing structures from this 
method of synthesis as (a) several isomers may be formed; 
and (b) molecular rearrangement may occur during the syn- 
thesis, e.g. the ketone (II, isomeric with I) gives 1 : 2 : 5 : 6- and 
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not 1:2:7: 8-di benzanthracene, due to the wandering of the 
methyl-a-naphthoyl group for V to 2" position; (c) methyl 
groups may be eliminated during the reaction as high tem- 
peratures are used, and even an isopropyl group may be 
degraded to a methyl group. 

The structure of the final products can, however, usually 
be established by examination of oxidation products, e.g. 
the particular anthraquinone poly-carboxylic acids formed 
on oxidation with permanganate. 

An extension of Elbs^ synthesis to diketones gives rise 
to still more complex hydrocarbons (Fieser and Dietz, 

B., 1929, 1827). Thus the diketone (III) from 2 ; 6-dimethyl- 
naphthalene and two molecules of jS-naphthoyl chloride gives 
as final product 2:3:8: 9-di- (1' : 2' naphtho) chrysene (IV) 
(52 per cent yield). 



Compare B., 1929, 950; J. A. C. S., 1935, 228, 942, 


LXIV. NATUKAL COLOURING MATTERS 

Several important colouring matters which occur naturally, 
e.g. indigo and alizarin, have been referred to in earlier chap- 
ters. The compounds dealt with in this chapter fall into 
four important groups: 

A. Carotenoids. 

B. Flavonea and Isoflavones. 

C. Anthocyanins. 

D. Porphyrin Group. 
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A, Carotenoids ^ 

1. HYDROCARBONS 

The natural yellow colouring matters, the carotenes, 
^^ 40 ^ 66 ; the hydroxylic xanthophylls, e.g. lutein C 4 oH 5 g 02 , 
and similar compounds containing a long chain of alternate 
double and single carbon linkings, i.e. polyenes, with or without 
a* or ^-ionone terminal rings are called carotenoids. Simple 
members of the group are bixin, crocetin, &c. 

Bixin, C 25 H 3 QO 4 , one of the colouring matters of aniiatto 
(Bixia orellana)y has m.-pt. 196°. Its chief reactions (Ilelv., 
1930, 1084; 1931, 435) are: ( 1 ) It contains a free carboxyl 
group and gives esters in the usual manner. ( 2 ) It contains 
a ‘COgMe group and on hydrolysis yields norbixin, a dibasic 
acid. (3) When hydrogenated with hydrogen and palladium 
it takes up 18 atoms of H, indicating the presence of 9 olefine 
linkages, presumably all conjugate. (4) When oxidized it 
gives 4 molecules of acetic acid and oxalic acid. 

Perhydronorbixin, obtained by hydrogenation of bixin with 
palladinized barium sulphate and subsequent hydrolysis, has 
been synthesized by the following method (Helv., 1932, 1218): 

Diethyl aa'-dimethlypimelate, C 02 Et*CHMe’[CH 2 ] 3 ’CHMe* 
COjEt, obtained from trimethylene bromide and ethyl sodio- 
methylmalonate, on reduction gives 2 : 6 -dimethylheptane- 
l:7-diol, OHCH 2 CHMe‘[CHj 3 *CHMe‘CH 2 *OH, and the 
corresponding 1 : 7-dibromide condenses with ethyl sodio- 
malonate, giving diethyl 3 : 7-dimethylnonane-l : 9-dicarboxyl- 
ate, C 02 Et*CH 2 -CH 2 -CHMe [CH 2 ] 3 ‘CHMe CH 2 *CHj*C 02 Et. On 
partial hydrolysis this yields the sodium salt of the acid 
ester, which on electrolysis yields the diethyl ester of per- 
hydronorbixin, 

CH, CH* CHMo[CH,], CHMe CHa'CHa CO^Et 

(!!H,CH,CHMelCH,],CHMeCHjCH,CO,Et, 

and on hydrolysis perhydronorbixin identical with the pro- 
duct obtained from bixin. 

This synthesis indicates the positions of the carboxylic and 
methyl groups in bixin, and also proves that it contains a 

• Carotenoide, L, Ztchmeister, Berlin, 1 934. For Summary, cf. Spring, 
Rep.. 1936, 291. 
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normal chain of carbon atoms. Bixin with 9 olefine linkings 
presumably conjugate is therefore 

CH CH : CMe CH .* CH CH : CMe CH I CH CO.Me 

IlHCH : CMeCH : CHCH : CMeCH : CHCOjH. 

Under certain conditions ordinary bixin yields an isomeride, 
^-bixin, melting at 270®, and the two are regarded as ds 
and trans stereoisomerides as both yield the same dihydro 
derivative. 

Crocetin» C80H24O4, a yellow pigment from saffron (Crocus 
sativus), melts at 285®, and is a dibasic acid with four methyl 
groups and with 7 olefine linkages presumably conjugate. 
Its perhydro derivative has been synthesized in much the 
same manner as perhydxonorbixin (Helv., 1933, 297), start- 
ing with 2 : 6-dimethyl-heptandiol-l : 7, OH-CH2*CBMe[CH2]3* 
CHMe*CH2*0H, which is converted into the monoethyl ether 
and then into the monobromide Br-CH2*CHMe*[CH2]3*CHMe* 
CHg-OEt, This with ethyl sodiomalonate gives (C02Et)2CH* 
CH2*CHMe*[CH2]3*CHMe-CH2*OEt, which on hydrolysis and 
loss of carbon dioxide gives the monobasic acid, 4 : 8- 
dimethyI-9-ethoxy-nononic acid, C02H*CH2-CH2*CHMe*[CH2]3' 
CHMe-CHj-OEt, and on electrolysis the sodium salt gives 
2 : 6 : 11 : 15-tetramethyl-l : 16 -diethoxy hexadecane, [OEt* 
CH2*CHMe*[CH2]3'CHMe*CH2*CH2*]2* With hydrobromic acid 
the OEt groups are replaced by Br, and these by OH by 
means of potassium acetate and subsequent hydrolysis, and 
the resulting diprimary alcohol on oxidation with chromic 
acid gives the dibasic acid [C02H CHMe[CHj3*CHMe CH2- 
CH2‘]2 identical with perhydrocrocetin. Crocetin is therefore 
COgH CMe : CH CH : CH CMe : CH CH : CH CH : CMe CH : CH- 
CH :CMe-C02H, and this formula has been confirmed by its 
direct synthesis (Helv., 1934, 545). An isomeric crocetin also 
present in saffron melts at 141® and is probably the cis form 
of ordinary crocetin. 

Vitamin A has so far been obtained as a pale yellow oil, 
b.-pt. 137®-138®, under extremely low pressures. It is unsatu- 
rated, contains 5 olefine Unkings conjugate, is a primary 
alcohol, and on oxidation gives geronic acid I (1 mol.) and 
acetic acid (3 mols.). The structure II, based on these reactions, 

I Me C0-CH.CH4*CH,CMe,C04H. 
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n CM, ' - \.^CH:CH■CMe:CH•CH:CH•CMe:CH■OT^^ 

\cH, CMe 

has been confirmed by the synthesis of its perhydro deriva- 
tive as follows: /S-ionone III (Chap. LVII, E.) with methyl 
broinoacetate and zinc {Eeformatsky reaction) and subsequent 
elimination of water yields IV, 

/CHa'CMcj 

III CHa \cCH:CHCOMe. 

\cH,-CMe^ 

IV ^CHrCHCMerCHCOjMe. 


which on hydrogenation and subsequent reduction with 
sodium and alcohol gives V, and the corresponding bromide 

V ^HCH,CH,CHMoCH,CH,OH (Br). 

VI ^HCH,CH,CHMeCH,CH,CH,CO,H. 

with ethyl sodiomalonate and subsequent hydrolysis yields VI, 
the acid chloride of which with zinc and methyl iodide gives 
VIL 

VII ^HCH,CH,CHMeCH,CHaCH,COCH,. 

This condensed with zinc and methyl bromoacetate gives 
VIII, and by replacing OH by Br and reduction gives IX, 
and on final reduction with sodium and alcohol X, 

VIII ^HCH,CH,CHMeCH,CHjCH,CMe(OH)CH,-CO,Me. 

IX ^HCfI,CH,CHMeCH,.CH,CH,CHMe-CH,-CO,Mo. 

X ^HCH,CH,-CHMeCH,CH,CH,-CHMeCH,-CH,OH. 

which is identical with the perhydro derivative of natural 
vitamin A as proved by conversion into crystalline compounds 
with definite melting-points. 
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Carotenes. The yellow colouring matter carotene, from 

carrots, palm oil, spinach, nettles, &;c., has been shown to be 
a mixture of at least three closely related compounds — a-, /5-, 
and y-carotenes, C 4 oH 5 ^. These can be separated by a process 
of adsorption {T swell' 8 method of chromatographic analysis). 
When a light petroleum solution of the colouring matter is 
filtered through calcium hydroxide or lime the /S-compound 
is adsorbed in the dark brown upper layer, and the a-carotene 
in the yellow lower layer, and the y-compound can be 
advsorbed by aluminium hydroxide (cf. Heilbron, J. S. C. I., 
1937, 160 T.), 

^-Carotene, which is optically inactive and melts at 183°, 
is given the symmetrical formula B : X : B by Karrer, where 
B represents a residue with a terminal jS-ionone group, 

^ CH./CMcv 

B - (m*< ic cn : cH CMe : 

X - :chcmo:ch ch:ch('h : 0MonH :cH c^h: 

4 0 0 7 8 » 10 11 l‘i IS 14 19 

/CMejCHax 

A - :cmc(;h:(’H*ch< >;h,. 

18 \CMo:CH^ 


and X the polyene chain with two methyl substituents. 
Oxidation with chromic acid gives a dihydroxy compound 
derived from the j3-ionone portion of the molecule by the 
addition of two OH groups to the olefine link, together with 
a diketone, j8-seinicarotenone, formed by the opening of the 
ring at the olefine link, and also jS-carotenone, a tetraketone 
formed in the same way from the second ionone group. These 
products on further oxidation yield jS-carotenone aldehyde, 
C 27 H 3 <j 03 , which has the structure MeCO[CH 2 ] 3 'CMe 2 *CO' 
CH : CHCMe : CHCH : CHCMe : CHCH : CHCH : CMeCH : CH^ 
CHO. Only one product is formed, hence the polyene chain is 
symmetrical and the two terminal rings are identical, and the 
fission of the polyene chain in the last oxidation occurs 
between carbons 3 and 4 and 15 and 16. 

The formation of 4 molecules of acetic acid from one of the 
aldehyde by drastic oxidation indicates the presence of 3 
Me groups, as the fourth molecule is formed from the terminal 
CO’CHj group. The symmetrical formula is also supported 



1138 


LXIV. NATURAL COLOURING MATTERS 


by the fact that on ozonolysis the hydrocarbon yields geronio 
acid I but no wogeronic acid II: 

I MeCO[CHJ,CMe,CO*H. 

II MeCOCHjCMe2[CH2l2CO*H. 


Careful thermal degradation of /9-carotene gives 2 : 6-di- 
methylnaphthalene by the cyclization of the 10 middle C 
atoms of the polyene chain, thus indicating the positions of 
the two methyl groups: 



yCH, 

/ 

CH 


VMe 


CMo 


CH 


CH" 


CH 

/ 

CH 



/Me. 


a-Carotene is optically active, has m.-pt. 187®, and contains 
11 double linkings. On ozonization it gives equal quantities 
of geronic and wogeronic acids, and hence has a terminal /9- 
and a terminal a-ionone group, and is represented by the 
formula B : X : A (Karrer and others, Helv., 1933, 975). 

y-Carotene is optically inactive, has m.-pt. 178°, and gives 
absorption bands intermediate between those of /9-carotene 
and lycopene, and as it contains 12 olefine linkings as com- 
pared with 11 in /9-carotene and 13 in lycopene it is repre- 
sented as B : X : D, where 

D - :CMe CH:CH CH:CMe CH, CH, CH:CMo„ 

i.e. one of the terminal rings has opened. The amount of the 
y-compound present is very small compared with the isomerides, 
l 4 ycopene, isomeric with the carotenes, is the 

colouring matter of bitter-sweet berries, tomatoes and rose 
hips. It contains no terminal rings but 13 olefine linkings, and 
has an absorption quite different from those of a- and j8- 
carotenes. It is represented as D : X : D, and this structure 
has been confirmed by oxidation to 2-methyl-A*-hepten-6- 
one, CMe 3 :CH[CHJjCO'Me, and lycoj^nal, O:CH^CH:0H- 
CMe:X:D, and this latter on further oxidation yields bixindi- 
aldehyde, 

0 : CHCH : CHCMe : X : CMeCH : CHCH : 0, 
and methylheptenoL 
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All three carotenes have* qualitatively the same physio- 
logical action on rats deficient in vitamin A, but quantitatively 
the )8-compound is twice as active as a or y, and this is prob- 
ably due to the fact that the jS-molecule can give rise to two 
molecules of vitamin A, whereas the a- and y-compounds can 
give only 1 molecule. Lycopene is physiologically inactive. 
The structure of vitamin A is similar to that of the left half 
of carotene ^ but with the •CH 2 ’OH group in position 5. 

Activity is due to the presence of the j8-ionone ring, thus 
semi-jS-carotenone (p. 1137) is physiologically active, but 
jS-carotenonc is not. 

2. HYDROXY COMPOUNDS 

Xanthophylls are hydroxy derivatives of the carotenes. 
A better generic name is phsrtoxanthins, and the name 
xanthophyll is then restricted to a particular dihydroxycaro- 
tene. Many of the phytoxanthins occur in plants in the form 
of esters of fatty acids. The commoner phytoxanthins are : 

Kryptoxanthenin, C 4 qH 55 -OH, occurs as an ester in the red 
berries of species of PhyiidiSy and is probably a p-hydroxy-j8- 
carotene; zeaxanthin, C40H54(OH)2, from the ripe fruits of 
the yew and from yellow maize, is in all probability a pp'- 
dihydroxy-)9-carotene; lutein or zanthophyll» from egg-yolk 
and green leaves, is the corresponding derivative of a-carotene. 

Capxanthin, from red pepper, has the structure 

p-OH‘B : X : CMe CH : CH CO*CMe 5 , CH, CH(OH) CH, CH, Me. 

Fucoxanthin has a symmetrical formula with X attached 
to two residues: 

MeCH(OH)CH,-CH(OH)CH,CMejCOCH : CHCMe I 

Astaoene, C40H4SO4, the characteristic pigment of the 
CrustacecBf contains 13 olefine linkings, but two of these are 
due to enolization of the carbonyl groups, as perhydroastscene 
contains two reactive H atoms and is in all probability a 
4:6:4': fi'-tetraketo-jS carotene.'*' It possesses acidic pro- 
perties due to enolization. 

Azafdn, C„H„04, obtained from azafrin roots, is optically 

* The numbers refer to the positions of the csrbonyl groups in the two 
terminel rings. 
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active, contains seven conjugate double linkings, and contains 
two tertiary alcohol groups and one carboxylic, and on oxi- 
dation gives geronic acid, m-xylene and w-toluic acids, and is 
represented as I, the dotted lines indicating the points of 
fission. 



I 

•CH : CH CMe : CH CH : CH CMe I CH-CH : 

I i 


CH-CH : CMe-CH .* CH-CO^H. 


Capsanthin, from Paprika (Capsicum annum), has at one end 
a keto group, viz. CH2Me-CH2*CH{OH)*CH2-CMe2*CO, in place 
of a terminal ring, and at the other end it has tlie ring B 
and a series of alternate single and double bonds in the chain. 


B. Flavones and t^o-Flavones 

Flavone, 2 -phenylbenzopyrone, 2 -phenylchromone 

I (cf. Chap. XLIV, Al), is the parent substance of a number of 
v^egetable colouring matters; all of these are poly hydroxy or 


/ ^ 

|7 


o 

y 2C— 

/ « /CH 


/y y\ 
\e' t’/ 


/ i 


methoxy derivatives of flavone and occur in plant tissues as 
glycosides. Some of the more important of these dyes are 


glycosides of 


Chrysin 

. . 5 '. 7-dihydroxy -flavone. 

Primetin 

. . 51 8-dihydroxy-flavon©. 

Baiculein 

, . 5161 7-trihydroxy-flavone. 

Wogonin 

. . 51 7-dihydroxy-8-inethoxy-flavoiie. 

Apigenin 

. , 5171 4-trihydroxy-flavone. 

Acacetin 

. , 517 -dihydroxy-4'- methoiy-flavone. 

Luteolin 

. , 517 13 ' 1 4'-t©trahydroxy-flavone. 

Hesperetin 

. . 5171 3'-trihydroxy-4'-methoxy-flavona. 
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Many natural products are glycosides of 3*hydroxy flavone 
II with two or more hydroxyl groups in the benzene ring. 



They are knowui as flavonols, and some of the commoner ones 

are: 


Datiscetin . . 

Kaempferol 

Fisotin 

'“Quercitin . . 
Morin 

Myricotin . . 

Gossypetin 

Quorcetagetin 


5171 2'-triliy(iroxy-flavonol. 

6171 4'*trihydroxy-flavonol. 

713'^ 4'-trihydroxy-flavonoL 
617^3'* 4'-t-etrahydroxy-flavonoL 
6 1 7 1 2' 1 4'-t©trahydroxy-flavonol. 

5 1 7 1 3' 1 4' 1 6"-pentahydroxy flavonol. 
6 1 7 ! 8 ! 3' 1 4'>pentahydroxy-fiavonol. 
6 ! 6 ’ 7 1 3' 1 4'-pentahydroxy-flavonol. 


The structure of any flavone derivative is ascertained by : 

1. The examination of the products formed by the action 
of alcoholic potash on the compound, or, more readily, by 
aspirating air through the dilute alkaline solution. Thus lute- 
olin yields protocatechuic acid (3 : 4-dihydroxy-benzoic acid 
(Chap. XXVI, A3) and phoroglucinol, fission of the molecule 
occurring at the dotted line in I (p. 1140). 

2. Synthesis, (a) A general method for synthesizing flavones 
is the condensation of benzaldehyde, or an alkyloxy derivative, 
with hydroxylated acetophenones in the presence of alcoholic 
potash; the first product is an unsaturated hydroxy-ketone, 
a chalcone f and the dibromide of the acetyl derivative with 
caustic potash yield a hydroxy-flavone — thus resacetophenone 
(2 : 4 - dihydroxy acetophenone) and m- hydroxy benzaldehyde 
yield 2:4- dihydroxyphenyl - 3 - hydroxystyryl ketone, and 


• Catechin is similar to quercitin, but no olefine bond and CH» in place of 
CO. 

t Chal cones are Uso formed from poly hydroxy phenols and cinnamoyl 
chloride with AlCh in nitrobenzene solution: 

(OH),C,H, + Cl CO CH:CHPh (OH)»C,H, CO CH : CH Ph. 
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finally 7 : S'-dihydroxyflavone {Tamhor, B., 1916, 1704; Helv., 
1919, 101). 

(OH)j,C<,H 3 CO CH, -f OrCH CJl^ OH-^ 

(0H)2C«H3 C0 CH rCH CgH^ OH 
(OH^CeH.COUHBrCHBrCsH^OAo-^ 

/Ov 

X^CJi*'OH 
HOCeH3 ii 



(6) Another general method used by Robinson and others 
(J. C. S., 1925, 181, 1973; 1926, 2336, 2344, 2713; 1928, 1022, 
3115; 1929, 61, 74, 152) is to condense a hydroxylatod aceto- 
phenone, e.g. resacetophenone, phloracetophenone (30H = 
2:4: 6), gallacetophenone (30H = 2:3:4), and certain 
methoxy derivatives with sodium benzoate and benzoic anhy- 
dride, or the salt and anhydride of a suitably substituted 
benzoic acid, and hydrolysing the resulting aroyl derivative. 
As the positions of the OH groups in the reagents are 
known, the positions of the OH groups in the flavone 
follow. A typical example is the condensation of anisic 
anhydride, sodium anisate and resacetophenone; the pro- 
duct is 7-hydroxy-4-methoxy-flavone identical with pratol, 
the flavone deriv^ from the colouring matter of Trifolium 
prateme. 

In this reaction no aroyl group enters the S-position of the 
P 3 rrone ring; in this respect it differs from the synthesis 
of chromones using hydroxyacetophenones, acetic anhydride 
and sodium acetate when an acetyl becomes attached to carbon 
No. 3 (Chap. XLIV, Al). 

When Robinson's method is slightly modified by using an 
<o-methoxy derivative of the hydroxyacetophenone, e.g. 
OMe-CH 2 *CO*C^H 3 {OH) 2 , the product contains a methoxy 
group in position 3, and on demethylation with hydriodic 
acid a flavone derivative with an OH in position 3, i.e. a 
flavonol. The majority of those mentioned on p. 1141 have 
been synthesized by tins method. A better method is to use 
the €o-benzoyloxy derivative of the ketone, as the resulting 
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3-benzoyloxy-flavones are much more readily hydrolysed than 
the methoxy compounds. 



(c) Flavone can be obtained from phenol and the sodium 
derivative of ethyl benzoylacetate with phosphoric anhy- 
dride (Simonis) or sulphuric acid {Pechmann). 


/OH 

CaH/ 4 

\H 


OHCPh 

EtO-OcIlH 


/O ■ CPh 


4 EtOH 4 H,0. 


When the nitrile (in place of ester) is used the product is the 
imine, >C:NH, corresponding with flavone and readily yields 
the latter with 20 per cent sulphuric acid (Ghosh^ J. C. S., 1916, 
105). The general reaction between phenols and substituted 
acetoacetic esters, CHjj'CO'CHR-COgEt, has been studied in de- 
tail. When R = H or CH 3 couinarin derivatives are formed: 

xH HOCCH3 XXCH3) : CMe 

C.H,< 4 !i v,n,( I 

^OH KtOCOCMe 0 CO 

but when R = Et, Ph, CHgPh, &c., the product is a wsubsti- 
tuted chromone {Jaeohson and Ghosh, J. C. S., 1915, 424, 959, 
1051). Auwers and Anschutz (B., 1921, 1543) show how a 
flavone or a coumaranone can be obtained from the same 
ohalkone according to conditions. 

/OH MOCCHj -OOCH, 

cji/ + I! - II 

^H KtOOCC^Et ^OO-CEl 

With P 2 O 5 the product is chiefly a flavone, but with sulphuric 
acid a coumarin. The type of phenol also affects the reaction; 
thus the presence of Cl or NO 2 groups in cresols decreases 
the activity in the Pechmann but increases it in the Simonis 
condensation (C. and I., 1936, 619). 

In many cases it is advisable to use the nitrile instead of 
the ester, e,g. acetylphenylacetonitrile (in its enolic form) 



1144 


LXIV. NATURAL (X)LOURING MATTERS 


and phenol yield the imide I, which is readily hydiolyBed to 
2-methyh3“phenyhchromone II : 

. 0 . . 0 . 

OH HOCCH 3 XJCHa / ^CCHj 

C«H, I! -> I li II |! 

H NOCPh . />Ph V UJ»h 

'I II 

NH 0 

Isoflavones. — Chromones which have the phenyl group in 
position 3 instead of 2 are termed isoflavones, and can be 
synthesized by the method just described. Hydroxy-iso- 
flavones occur in nature in the form of glycosides, e.g. 

Daidzein .. 7 14'-dihydroxy-M0flavone. 

Pninetin . . . . 5ni 4'-trihydroxy-i>oflavone. 

0-Baptigeniil . . 7-hydroxy-3' .* 4'-met hylenooxy-woflavone. 

Irigenin .. .. 6 1 7 ! 3'-trihydroxy-6 4' 1 5'-triinethoxy-i>o- 

flavone* 

On alkaline degradation the isoflavones yield a polyhydroxy- 
phenol, formic acid and a hydroxyphenylacetic acid. 

Another method for the synthesis of isoflavones is based 
on the condensation of a hydroxylated phenyl benzyl ketone 
with sodium cinnamate and cinnamic anhydride. To obtain 
genistein 2:4: 6-trihydroxyphenyl-p-methoxybenzyl ketone 
is used with sodium cinnamate and cinnamic anhydride. The 
product is 5 : 7-dihydroxy-4'-methoxy-isoflavone with the 
group •CHiCHPh in position 2. On complete methylation 
(to protect OH groups) and oxidation the •CH:CHPh yields 
•CO2H, and on elimination of COg and demethylation genistein 
is obtained (J. C. S., 1928, 1022; 1929, 152, 1468, 1593). 

Flavanones are the 2:3-dihydro-flavones and have been met 
with in nature in the form of glycosides, e.g. 

Liquiritigenin . . 7 ! 4'>dihydroxy-flavanoae. 

Butm . . . . . . 7 r 3'-4'-trihydroxy-£lavanone. 

Oarthamidin . . . . 6 111 Si 4'-tetrahydroxy-flavanoiie. 

ilsoGarthamidili . . 516171 4'-tetrahydroxy>fIayanoue. 

Matteucinol . . . . 61 8-diinethyl-5 .* 7-dihydroxy*4'-methoxy- 

flavanone. 

They are formed synthetically by the condensation of a 
polyhydroxyphenol, e.g. phloroglucinol and O-carbethoxy-p- 
hydroxy-cinnamoyl chloride, EtO*OC*O C5H4*CH : CH-COCl, 
with AICI3 in nitro-benzene. 
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The flavanones obtained from natural glycosides are opti- 
cally inactive, probably due to racemization during pre- 
paration, but can be resolved by means of Z-methoxy-acetyl 
chloride (J. A. C. S., 1934, 2109). 

The position of the sugar residue in natural flavone deri- 
vatives. — The general method, which is used also in the case 
of many other glycosides (cf. Chap. LVI, F.), is completely 
to methylate the glycoside and then examine the products of 
alkaline fission. One of these will be the methylated glucose 
(or other sugar), and the other a methoxy-dihydroxy-phenyl 
benzyl ketone or its decomposition products. Of the two 
hydroxy groups, one, i.e. ortho to CO group, is derived from 
the 0 of the flavone ring, and the other from the — 0 -Sugar 
group. Thus from daidzein (7 : 4'-dihydroxy-i5oflavone) the 
final products are methylglucose and 2 : 4-dihydroxy-phenyl -j?- 
methoxybenzyl ketone, 


OH 



proving that the sugar group was attached to OH in 7 and 
not in the 4'-po8ition. (For numbering see formula, p. 1140.) 

C. Anthocyanins 

Many of the vivid colouring matters of plants, especially 
flowers, have been studied in detail, first by Willstdtter and 
Everest and later by Robinson and his co-workers. They are 
termed anthocyanins, and are mono- or di-glycosides * de- 
rived from hydroxylated or methoxylated bases closely re- 
lated to flavone. When hydrolysed with hydrochloric acid 
they yield the sugar or sugars and the chloride of the sugar 
free base, the anthocyanidin or flavylium chloride.! 


Cl 



S 4 


• Used in the generic sense as sugars other than glucose are involved, 
t Just as the corresponding salts from pyronca are called pyrylium and 
from chromone chromylium salts. 
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Their close relationship to flavanols is shown by the fact 
that quercitin with magnesium and hydrochloric acid yields 
cyanidine chloride. 

The simplest — unsubstituted — flavylium chloride is repre- 
sented by Robinson as having an orthoquinonoid structure 
shown above, and the compounds derived from the natural 
anthocyanins contain hydroxy or methoxy substituents in 
both rings A and B. Views on the actual structure of the salts 
have varied from time to time. They were first represented 

as oxonium salts , then by the Robinson orthoquinonoid 

/ ^Cl 

structure, and recently there has been a tendency to represent 
the chlorine as derived from carbon atom 2 or 3 (cf. p. 1150). 

The following is a list of some of the commoner flavylium 
chlorides : 

1. Pelargonidin . . 3 ! 6 ! 7 * 4'-tetrahydroxy-flavyliiim chloride. 

2. Cyanidin , , 3 .* 5 1 7 ^ 3' 1 4'-pentahydroxy -flavylium chloride. 

3. Pa^onidin . . 3 ! 5 ! 7 1 4'-tetrahydroxy-3'-methoxy-flavylium 

chloride. 

4. Delphinidin . . 3 1 5 *. 7 ^ 3' 1 4' 1 6'-hexahydroxy-flavylium 

chloride. 

6. Petunidin . . 3 1 5 ^ 7 1 4' 1 5'-peiitahydroxy-3'-mothoxy- 

flavylium chlonde. 

6. Malvidin • . 3 5 .* 7 ’ 4'-tetrahydroxy-3' 1 6''diiDethoxy- 

flavylium chloride. 

7. Hirsutidin . . SI 6 1 4'- trihydroxy- 7 1 3' 1 6' trimethoxy- 

flavylium chloride. 

The anthocyanins are 3-mono- or 3 : 5-di-glycoside8, all of 
the )S-type, of the above. Callistephin is the S-glucoside of 
No, 1, and occurs in red asters and scarlet geraniums; cliry- 
santhemin is the 3-glucoside of 2, and idein the corresponding 
3-galactoside, and occurs in the skin of cranberries and in copper- 
beech leaves; the 3-gluco8ide of 3 is ozycoccicyanin, from 
the leaves of American cranberries; oenin, the corresponding 
3-gluco8ide of 6, is the colouring matter of black grapes and 
of some primulas. The 3 : fi-diglucosides of the j8-type are 
some of the commonest plant pigments. Pelargonin from red 
pelargoniums, cyanin from blue cornflowers, paeonin from red 
peonies, delphinin from Salvia patens, m^Tin from certain 
primulas, and hirsutin from Primula hirmta are the 3 : 5- 
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diglucosides derived from 1, 2, 3, 4, 6 and 7 respectively, and 
have all been synthesized. 

When hydrolysed the 3-glucosidyl group is removed more 
readily than the 5, so that by partial hydrolysis it is possible 
to obtain the b-monoglucosides of 1 to 7 from the above men- 
tioned diglucosides ; thus malvin yields malvenin and cyanin 
yields cyanenin. 

The pigments meoocyanin, pmnicyanin, and keracyanin 

contain a di-saccharide group in position 3. 

Acylated anthocyanins also occur in nature, particularly 
p-hydroxy-cinnamoyl compounds ; thus gentianin and violanin 
are p-hydroxy-cinnamates of delphinidin monoglucoside and 
monorhamnoglycoside respectively. 

Keracyauiu is cyanidin-S-rhamnoglycoside, and mecocyaniu 
(from red poppies) is cyanidin-3-gentio-bioside. 


SYNTHESIS OF ANTHOCYANIDINS (FLAVYLIUM SALTS) 


1. Bulow obtained the so-called 1 : 4-benzopyranols by the 
condensation of reactive phenols with diketones of the type of 
acetylacetone, reacting in their enolic forms, in the presence 
of hydrochloric acid: 


HO- 


OH + 


CH, 

CO 

CH ■ 

C<OH) 

CH, 


+ HCl 


HO 



OH 

a 
I 

!! 

/CH 



C 

life 




HO Me 


Using benzoylacetone, the product is a 2-phenyl substituted 
compound — a flavylium salt. 
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2, Decker and Fellenberg (B., 1907, 3815) studied the action 
of o-hydroxybenzaldehydes on ketones, 

(OH),c,H 3 -ch : 0 + cH.-coc.iis ^ 

(OH),C.H, Cfl : CH-COC.H, -> HO (’JI, |j 

\ /CH 

\0ll/ 


the intermediate product being a chalcone; the method was 
extended by Perhin, Robinson and Turner (J. C, S., 1908, 
1085), who deduced the correct structure of the final product, 
and it is the method now generally used for synthesizing 
flavylium salts. Wilhtditer (B., 1924, 1938) and Robinson and 
his co-workers (J. C. S., 1924, 188; 1925, 166, 1182) have 
extended the reaction to the preparation of numerous 3- 
substituted flavylium compounds, the anthocyanidins, by 
using co-hydroxyacetophenones and o-hydroxybenzaldehydes. 
As a rule the hydroxyl groups need protection by methylation, 
acetylation or best benzolation (1928, 1256). When methyl 
ethers are used the subsequent demethylation to yield the 
free hydroxyl compound often yields impure products. 

Two typical syntheses are: 

(a) Pelargonidin by condensing 2-hydroxy“4 : 6-dimethoxy- 
benzaldehyde with to : i-'dimethoxyacetophenone and demethy- 
lating the product and acidifying. 


Cl 



(6) Delphinidin, 


Cl 



HO~ 



The monobenzoyl ester of phloroglucin-aldehyde is con- 
densed with the fully acetylated 3:4:5: ci>-tetrahydroxy 
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acetophenone with hydrochloric acid when the 5-benzoate 
of delphinidin chloride is formed, as all acetyl groups are 
removed during the reaction. On hydrolysis with aqueous 
alkali the benzoyl group is removed, and on acidifying with 
hydrochloric acid delphinidin chloride itself is formefl. 

The intermediate products in these syntheses are the chal- 
cones (this Chap., B.), which undergo ring closure in the pre- 
sence of acids, and Pratt and Robinson (J. C. S., 1922, 1577) 
have isolated many of these chalcones in a state of purity by 
using different solvents and have established their identity, 
and hence the structure of the resulting flavylium salts. 

3. A third general synthetical method is the condensation 
of a Grignard compound with a coumarin. Decker and Fellen- 
berg (B., 1907, 3815; A., 1907, 356, 281) prepared 2-substi- 
tuted benzopyrilium salts by this method, 


^ \do 


+ RMgBr 



and by using 3-methoxycoumarin8 Willstdtter obtained antho- 
cyanidins, and Heilbronn and others (J. C. S., 1926, 1902; 
1927, 2005; 1931, 1701) have extended the method by ob- 
taining 4-8ubstituted benzopyrilium salts from phenyl mag- 
nesium bromide and 2 : 3-(iimethyl-7-methoxychromone. 



-h PhMgBr 
and acidifying 



Straoture of Flavylium Salts. — An interesting confirmation 
of the structure of the heterocyclic ring is afforded by the 
oxidation of 3-methoxyflavylium perchlorate with hydrogen 
peroxide in glacial acetic acid when the o-benzoyl derivative 
of methyl-o-hydroxyphenyl acetate is obtained {Dilthey and 
others, B., 1931, 2082; J. pr., 1933, 188, 42). 


Us " 

\/Xch/ 


20 


^-OCOC.H, 

CH,COOMe 
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The structure proposed by Perkin, Robinson and Turner is 
of the orthoquinonoid type. The oxygen atom is quadrivalent, 
and in the ionized salts carries the + charge. 

Le Fevre (J. C. 8., 1929, 2771) found that when flavylium 
perchlorate is nitrated the product is a meta derivative, and 
hence, presumably, the oxygen atom must be in the same state 
as in benzaldehyde or acetophenone and cannot therefore 
be the seat of the 4- charge. 

Also the reaction between benzopyrilium salts and Orig- 
Hard reagents (see above; also B., 1924, 1517; J. A. C. 8., 
1930, 2864) involves a simple interchange between the C^Hg 
of the MgCgHgBr and the anion of the salt, with addition of 
phenyl sometimes in position 2 and sometimes in position 4, 
and these facts are not readily explicable on the oxonium 
theory. Carbonium structures have therefore been suggested 
by Dilihey and Quint (J. pr., 1931, 131, 1; 1933, 138, 42), viz. 


I C.H, 


0. 


^CPh 


Va/' 


CR 


+ Cl II c.n* 




^Cl’h _ 
i! +C1 




CR 


In the one case the 4- charge is carried by carbon atom No. 2, 
and in the other by carbon atom No. 4. The majority of the 
salts probably have structure No. 1, as when oxidized with 
hydrogen peroxide, the resulting peroxide, which carries the 
peroxide group attached to the carbon atom carrying the 
4- charge in the salt, is unstable and undergoes a fission of 
the pyrane ring, yielding the benzoyl ester of an o-hydroxy- 
benzyl ketone. 


/ 




CPh 


Os 


C.H J 


/ N^PhOOH 


C*H4< 


yO'COPh y\J'\j\jril 

XJHICROH ^CHjCO'R 


OCOPh 


On the other hand, if the charge were carried by the carbon 
atom No. 4, the flavylium salts when oxidized would yield 
flavones. 
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o. o . 

/ X^Ph / ('Vh 

J| -> C,H, 

\4- yOli 
Cli' 


Loh 


C.H, 


/ ^crh 
II 


Hill and Meluish (J. C. S., 1935, 1161) have shown that 
several flavylium salts not substituted in position 3 can easily 
be converted into flavones by treatment with sodium carbona^ 
and oxidation, thus supporting the A-position of the charge, 

0 \ O O V 

/ CVh / H'Vh / ^CPh 

I ! > T1 (\li, i > CJl, j! 

/CH Alkali \ /CH \ /CH 

CH CH^ CO^ 

I 

Oil 


and appreciable quantities of chalcones are also formed by 
the decomposition of the pyranol II . 

OH -Oil 

II -> Cell/ 

\CH(OH>CH : CPh OH ^ CH : CH COPh 


Syntheses of Anthocyanins. — Not only have the antho- 
cyanidins been sjmthesized, but Robinson and his co-workers 
have succeeded in synthesizing the actual colouring matters 
themselves — the anthocyanins (J. C. S., 1926-32). The method 
consists in condensing the acetylated glycosidyl derivative of 
the ketone or aldehyde or of both with hydrogen chloride 
as in the synthesis for flavylium salts (p. 1147), and it is 
necessary to protect the hydroxyl group by acetylating or 
benzoylating. The acetylated glucosidyl group is introduced 
into the aldehyde or ketone by using the tetracetyl derivative 
of a-glucosidyl bromide (acetobromoglucose, p. 341) with 
dry sUver carbonate in benzene. 

(a) Synthesis of callistephin (S-jS-monoglucosidyl-pelargo- 
nidin chloride. 

co“0-Tetraoetyl-j5-glucosidyl-4-acetoxyacetophenone I, from 
ca-hydroxy-4-acetoxyIphenone and acetobromoglucose, con- 
denses writh o-benzoyl-phloro-glucinaldehyde II in a dry 
ethereal solution of hydrogen chloride giving III, and this 
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hydrolysed with 8 per cent sodium hydroxide and subsequent 
acidification gave the anthocyanin by the elimination of 
acetyl and benzoyl groups. 


I OAc CeH4 CO CHg 0 CeH^lOAc)^ + 



(\If4 OAo (p) 

O (’«]l 70 { 0 Ac )4 


(b) Synthesis of a 3: b-diglucoside, e.g. pelargonin chloride. 

In this case the condensing agents are the o-acetylglucosidyl 
derivative of phloroglucinaldehyde and the acetylglucosidyl 
ketone used in (a). 


oa 



ch:o 


COOeH^OAc 

(!:h,-oc,h,(OAc)4. 


The resulting acetylated condensation product when kept 
in dilute alkali in an atmosphere of hydrogen loses the acetyl 
groups and on acidification with hydrochloric acid pelargonin 
chloride is obtained. 

The anthocyanins are amphoteric in character, and the 
bases yield salts with both acids and alkali, and undergo a 
great variety of colour changes with variation in the values 
of solvents. 

Nitrogenous anthocyanins are also known; cf. Ainley and 
Robinson, J. C. S., 1937, 446. 
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D. Porphyrin Group • 


iHC 


a a 3 
CJl CH CH 

" ^ Y " 


V/ J V/ T| V/ 

I M I If 

C NH HN C 


CHi 


aiic 


CHjJ 


C-— - N 

.H('; I', 


0 CU a 


\ ^/ 

CH CH 
y « 


The basic units of both the green pigment of plants and the 
red colouring matter of blood appear to be porphjrrins. The 
simplest unsubstituted porphj^n is represented by the 
above formula. Is is termed porpbin and has been synthesized 
by Hans Fischer (A,, 1935, 521, 157). In structure the por- 
phins'closely resemble the phthalocyanins (Chap. LIX, L.) with 
the exception that the :CH* groups labelled a, j8, y, S in the 
above formula are replaced by -N:. 

Both types of compounds contain a 16-membered ring 
and are characterized by their stability, and in this respect 
differ from the pyrrole and w?o-indole rings from which they 
may be regarded as built up. In many respects they possess 
true aromatic properties, e.g. halogenation, nitration, sul- 
phonation and reduction, and appear to form flat or uni- 
planar rings. 

A number of porphyrins have been found in nature, e.g. in 


minerals, &c., 


Side Chains 

Copro-porphyrin 

C„H„0.N4 

4CH, 4 X 

Concho-porphyrin 


4CH, 1 X, 1 succiaic acid. 

Oo-porphyrin 


4CH, 2 ethyl, 2 vinyl. 

Uro-porphyrin 


4CHa Methyl- malonic and fiuocinio 



acids. 


X - CHj CHg CO.H. 


* Linttead^ 

Rep., 193S, 3fi9. 

( B 480 ) 


M 
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and some of these have been synthesized, and in addition a 
large number of other porphyrins have been prepared by 
Fischer (A., 1928-31). The methods adopted were: 

(1) Condensation of 3 : 4:“dialkylpyrroles with formaldehyde 
or formic acid. 

(2) By fusion of 2 : 2'-dibromodipyrrylmethanes with 2 : 2'- 
dimethyldipyrrylme thanes in succinic acid. 

These synthetic products have proved of inestimable value 
in elucidating the structure of the porphyrins obtained by 
the degradation of chlorophyll and hopmin. 


1. BLOOD PIGMENT* 


Haemin, Haematin hydrochloride, C34H3204N4FeCl, (Chap. 
LXVII, A2), has been proved both by degradation and synthesis 
to be a porphyrin derivative with the following structure, viz. 
1:3:5: 8-tetramethyl-2 : 4:-di vinyl-6 : 7 -dipropionic acid with 
the FeCl group replacing two H in the NH of two pyrrole rings 
and attached by co-ordinate links to the N atom of the two 
remaining rings: 


CHsIHC 

j 

C 


CH CMe 


MeC G c i(;h:ch, 

i I I 

-N N C 

/ \ / \ 

HC FeCl 

^N C 

J J li I 

MeC C C CMe 

\h 


CO 


.HOH.-H-l: 


CII.CH.CO.H 


By removal of FeCl by different reagents characteristic 
porphyrins can be obtained. With dilute acid and simple 
replacement of FeCl by 2H the product is protoporphyrin, 
C34H34O4N4; hydrobromic acid gives haematoporphi^, 
C34H38O3N4, in which two •CH(0H)-CH3 groups have replaced 


King, Hep., 19^2, 209. 
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the two vinyl groups. By reduction of the vinyl groups to 
ethyl mesoporphyrin, C34H38O4N4 is obtained, and by elimi- 
nating the two carboxylic groups from this by pyrolysis, 
aetioporphyrin, C32H38N4, a tetramethyldiethylporphin is 
formed. 

Theoretically 15 isomeric mesoporphyrins are possible, 
i.e. with the groups Me, Et, and -CHg'CHg-COgH in different 
positions, and Fischer and his co-workers have synthesized 
12 of these (A., 1927-31). The dimethyl esters of these meso- 
porphyrins are of great value in characterizing the different 
compounds, as they crystallize well and have definite melting- 
points, whereas the compounds devoid of carboxylic groups 
have no very definite melting-points. The synthetic meso- 
porphyrin which proved to be identical with that from haemin 
was, by its methods of synthesis, shown to have the structure : 

4Me - 1 : 3 ; 6 : 8, 2Et - 2 ; 4, and 2 CH 2 CH 2 COaH » 6 and 7. 

The structures of the porphyrins, (a) Aetio-, (b) Deutero-, 
(c) Proto-, {d) Meso-, and (e) Haemato-, are as follows: In all 
five compounds methyl groups are in positions 1, 3, 5 and 8; 
in (a) and (d) ethyl groups are in positions 2 and 4, and in 
(a) also ethyl in 6 and 7. In (h) hydrogens are in positions 
2 and 4, in (c) vinyl groups in 2 and 4, and in (e) -CHMe^OH 
groups in 2 and 4. In 6, c, d and e the group 'CHg-CHg'COgH 
occurs in positions 6 and 7. 

The method of synthesis of protoporphyrin is as follows: 

(1) 2 : 3-Dimethylpyrrole and 2 : 4-dimethylpyrrole-5-alde- 
hyde are condensed with the aid of alcoholic hydrogen chloride 
to 4:5:3': 5'-tetramethyl-2 : 2'-dipyrromethane hydrobro- 
mide, I. 

(2) Cryptopyrrol-carboxylic acid, II, a degradation product 
of haemin, on bromination gives 5 : 5'-dibromo-3 : 3'-di- 
^-carboxethyl-4 : 4' - dimethylpyrro - 2 : 2'*-methene hydrobro- 
mide, III, with loss of CHg. 

(3) I and III with succinic acid at 180°-190° give deutero- 
porphyrin, IV, and with ferrous acetate, acetic acid, sodium 


Me 

H Mo 

H 

Me X 

\ 



\ / 

Me— 

OH-i 

]— Me 

H— ll-Me 



raBr 

NH 
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III 



$ 

C 


CH CMe 



i i 


X » CHj CHa-COjH. 


chloride and hydrochloric acid deuteroheemin is formed,* 
and this with acetic anhydride in the presence of stannic 
chloride yields the 2 : 4-diacetyl derivative, and the -CO-CHg 
groups are readily converted into secondary alcoholic grou})s 
•CH(0H) CH3, giving haematoporphyrin, and finally heating 
in a high vacuum at 105° the •CH(0H)*CH3 groups give 
•CH ; CHj and a quantitative yield of protoporphyrin is 
obtained. 

Substances isomeric with hsemin have been synthesized by 
similar methods (A., 1931, 491, 162). 

By reducing the tervalent iron in haemin to the bivalent 
state hsemochromogen is formed, and stable crystaUine 
hajmin compounds can be obtained from proto-, aetio- and 
meso-porphyrin all containing bivalent iron. 

Haemoglobin is a compound of haem with globulin, but does 
not give the characteristic haemochromogen spectrum. 

Haematin (haem-oxide) forms definite additive compounds 
with pilocarpin, glyoxaline, &c., and the latter compound 
(with 8 mols. of base) is stable even at 105°, and in the com- 
pounds with globulin it is suggested that it is probably the 
glyoxaline nucleus of histidine (the characteristic amino acid 
of globulin) which takes part in the combination. 


2. BILE PIGMENT 

Bilirabin, C38H33O3N4, supposed to be formed by the degra- 
dation of haemoglobin in the liver, is most readily obtained 
from ox-gall stones. 

* The iron compound is formed as it is more reactive than the iron free 
compound and is more readily acylated. 
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It has not the characteristic porphyrin ring structure, and 
the following formula has been suggested: 


Me Vin Me 

\ / \ 



Me V in Me 

/ v_../ 




-OH, 


NH 


where Vin - -CHiCHg and X = -CHg-CHg COgH. 

Gentle reduction gives rise to mesobilirubin, C 33 H 4 oOgN 4 , 
by the hydrogenation of the vinyl to ethyl groups, and this 
compound on oxidation gives hsematic acid and methylethyl 
maleiriimide. 

/CO'CMe /COCMe 

1 NH< !i II NH< |j 

^COC'CHa'CHaCOJI. ^COCEt 


On reduction with hydriodic and acetic acids mesobilirubin 
gives bilinibic acid, III, and neobilirubic acid, IV, and these 


III 


Me 

\. 




HO- 


~CH, 


Nil 


Me X 


IV 


X 

N,- 


Me Et Me 

/ \ / 


-CH,- 


NH 


NH 


are the leuco -compounds of xanthobilirubic acud and neoxan- 
thobilirubic acid ( = CH — in place of — Cllg — , and shifting 
of double bonds), and both of these have been synthesized. 


3. CHLOROPHYLL ♦ 

The chlorophylls form the chief constituents of the green 
colouring matter of plant tissues; they are accompanied by 
the yellow colouring matters carotenes and phytoxanthins 
(this Chap,, A.). Two related compounds, the blue-green a and 
the yellow-green 5, are always present and usually in the 
ratio 3 of a to 1 of 6. They are waxy solids and have not 
been obtained crystalline, and are best extracted from dry 
leaves by acetone containing 15 to 20 per cent of water. They 
retain small amounts of solvents and water most tenaciously, 


•lUp., 1935, 862; H. Fucker, C, Rev., 1937, 41; Steele, ibid., p. 1. 
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constitute about 0*8 per cent of the dry leaves, and are repre- 
sented by the fomiiilrp: 

a CH30,C(C32H3 oON4Mr)COAoH 3», iH^O; 

6 ^ CH30,C(tVJI,g02N,Mg)OOX2oIl3o, 

i.e. both are methyl esters of dibasic acids. When extracted 
with alcohol the products formed are not the chlorophylls 
themselves, but a methylethyl ester formed by alcoholysis in 
the presence of an enzyme chlorophyllase; if methyl alcohol 
is used the product is a dimethyl ester, methylchlorophyllide. 
When hydrolysed with alkali the chlorophylls yield methyl 
alcohol, phytyl alcohol (phjdx)!), and a tribasic acid chloro- 
phyllide, the third carboxylic groups being formed by the 
fission of a ring in the chlorophyll molecule. 

Phytol has been shown to have the structure 3:7:11: 15- 
tetramethyl-A*-hexadecene-l-ol, CHMe2-[CH2]3*CHMe*[CH2]3’ 
CHMe*[CH2]3*CMe:CH*CH20H, by actual synthesis (Fischer 
and Lowenberg, A., 1929, 475 , 183) from 0-ionone (Chap. 
LVII, E,). When catalj^tically reduced in the presence of palla- 
dized calcium carbonate and alcohol it gives the saturated 
ketone I, and this with acetylene yields II, which can be 
hydrogenated by hydrogen and palladized calcium carbonate 
to III, which passes over into IV, identical with phytol, under 
the action of acetic anhydride. 

I CHMe, [CH,]8 CHMe [CH,]s CHMe [Cfl2]3'COMe. 

II R CMe(OH) C:CH. Ill R CMe(OH)'CH : CH,. 

IV R CMe:CH CH,OH. 

The same phytol has been obtained from some 200 different 
plants in yields of about 30 per cent of the chlorophyll present. 

The magnesium in the chlorophylls and their derivatives is 
readily removed by dilute hydrochloric acid, e.g. a-methyl- 
chorophyllide yields C32H320N4(C02Me)2, known as a-methyl- 
phaeophorbide. Stronger acid hydrolyses one of the ester 
groups at the same time, yielding a-phseophorbide, C32H32ON4 
(C02H)(C02Me). 

The separation of a- and 6-chlorophyll8 is an extremely 
diflScult operation, and hence a mixture of the two is con- 
verted into the a- and ft-phaeophorphides, which can be sepa- 
rated by utilizing their different basicities; thus the ethereal 

• Where R represents CHMe*‘[CHJ, CHMe [CHJ, CHMe tCHJ.. 
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solution of the two when shaken with 17 per cent hydrochloric 
acid solution gives up the a-compound to the acid, and the 
6-compound can bo extracted by using stronger acid. 

When the a-pha3ophorphide is hydrolysed by boiling for 
30 sec. with methyl-alcoholic potash, jphytochlorin-e^ ^31^33^4 
(COgHla, is formed by the fission of a ring containing -CHg-CO* 
or CHR-CO. 

By alkaline degradation of phytochlorin-e with alkali at 
relatively high temperatures a whole series of porphyrins can 
be obtained, but the final and most interesting ones are: 

1. Phylloporphyrin, C31H35N4 CO0TI. 

2. Pyrroporphyrin, CjoH3.^N4 C02ll. 

3. Rhodoporphyrin, C3^)H32N4(C( >211)2. 

The first differs from the second by CHg, i.e. replacement 
of CH3 by H, and this change can be effected by heating with 
NaOEt. The third by loss of carbon dioxide gives the second. 
The removal of the last ’COgH group from 1 or 2 requires 
distillation with soda lime or pyrolysis in high boiling solvents, 
and the products are termed respectively phylloaetiopor* 
phyrin and pyrroaetioporphyrm, and the former is converted 
into the latter by heating with sodium ethoxide. 

These porphyrins are red crystalline compounds closely 
resembling the porphyrins from hsemin (p. 1154), e.g. meso- 
aetioporphyrin. 

When rhodo-, phyUo- or pyrro-porphyrin or chlorin-c is 
oxidized with chromic acid, Caro's acid or lead peroxide, a 
mixture of methylethyl-maleininiide and haematic acid is 
obtained (cf. Formulae II and I, p. 1157). 

By drastic reduction with hydriodic and acetic acids phyilo- 
porphyrin yields a mixture of the 3 pyrroles: 


NH 


^CMo i CMe 
\CH : ifit 


h»mo- 


NH< 


/CH : CMe 




^CMotCEt 

krypto- 


NH 


y-CMe ! CMo 


phyllo” 


All these facts point to the presence of substituted raethyl- 
and ethyl-pyrrol rings in the porph3nrins derived from chloro- 
phyll. 

For purposes of comparison Fischer synthesized the 8 pos- 
sible tetramethyltriethylporphyrinpropionic acids with the 
substituents in the position 1*^, but none was found to be 
identical with pyrroporphyrin; in fact it was shown that this 
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latter contained C2H4 less than the synthetic products; but 
Fischer subsequently synthesized a known tetramethyltri- 
ethylporphyrinpropionic acid from pyrroporphyrin by intro- 
ducing an ethyl group into the one free CH (1-8, not a-S) 
by first acetylating and then converting the *00 -0113 into 
•CH2 CH3 through the stages •CH(0H).CH3 -CH : CHa CHa 
'CH3. The acjtual product so isolated was the 1:3:5: 8-tetra- 
methyl 2:4: 6-triethylporphin-7-propionic acid,* and therefore 
pyrroporphyrin must have a similar structure but with H 
in place of C2H5 in position 2, 4 or 6. 

The position was settled by the synthesis of rhodoporphyrin 
(A., 1930, 480 , 109, 189; 482 , 232) and also of phylloporphyrin. 
The former was shown to have the nuclear carboxylic group 
attached to C atom No. 6, and the latter to have an unsubsti- 
tuted :CH* group in this position. The position of the car- 
boxylic group is confirmed by the absorption spectra, which 
indicates that the ‘COjH and -CHa'CHg-COgH groups are in 
close proximity. The extra methyl group in phylloporphyrin 
was shown to be in the y-position. 

Pyrroaetioporphyrin is therefore 1:3:5: 8-tetramethyl- 
2:4: 7-trie thy Iporphin, pyrroporphyrin is similar but con- 
tains ‘CHg-CHa-COOH in place of Et in position 7, and 
rhodoporphyrin an additional COg-H in position 6. These 
compounds are closely related to the porphyrins of the haemin 
series, e.g. protoporphyrin is 1:3: 5-trimethyl-2 : 4-divinyl- 
porphin, and on reduction gives mesoporphyrin, the corre- 
sponding diethyl compound. The passage from one series to 
the other has been accomplished by Fischer^ viz. pyrroporphyrin 
into mesoporphyrin, by the following series of reactions at 
carbon atom No. 6: 


V-CNjBr 
HBr / 


potassio methyl 
malonate 


V-H 

/ CH,C1 O CH, / 
and SaCl, 

NcCH,CH{CO,Me), V;CH,CH,CO,H. 

/ hvd. / 


In arriving at the structure of a-chlorophyll the following 
facts have played an important r61e. 

1. The magnesium free a-chlorophyll, i.e. a-ph®ophorphide 
(p. 1158), is readily reduced by hydnodic and acetic acids at 


• For numbering, see formula (p. 1163), 
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60°, giving a leuco compound which on aerial oxidation yields 
fhoBOjpoT'phyrin-a^, C34H34O6N4, containing a carbonyl group; 
on elimination of the -COgH* group this yields an extremely 
stable compound phylloerythrin, 033H3403N4.’'‘ This may be 
obtained directly from phaiophorphides and other compounds 
by prolonged boiling with 20 per cent hydrochloric acid, and 
is also met with in the faeces of ruminants, e.g. sheep dung, and 
is evidently derived from chlorophyll by biological processes 
in the organism. Its structure has been established by Fucker 
both analytically and synthetically as a compound containing 
a five-membered carbon ring formed by the attachment of 
•CO-CHg* to carbon atoms numbered 6 and y, the CO to 6 and 
the CHg to y. By addition of HgO it yields phylloporphyrin 
(CH3 in y) and rhodoporphyrin (COgH in 6), corresponding 
with the resolution of deoxybenzoin, CgHg'CHg-CO-CgHg, into 
CgHg-CHg and CgHg^COjjH. PhaBoporphyrin-a^ contains the 
‘COjjMe group attached to C atom No. 10. 


i I 

(iH, CO 
10 » 


2. The presence of one vinyl group in the place of one of 
the ethyl groups of pyrroporphyrin has been proved by the 
action of methyl diazoacetate on methyl pheeophorphide 
(p. 1158) and chlorin-e trimethyl ester, 


■CH : 



HCOjMe, 


resulting in the formation of a cyclopropane derivative. All 
porphyrins containing saturated side chains, i.e. ethyl groups, 
do not react in this way. The actual position of the vinyl 
group, viz. No. 2, has also been established, as the oxophceo- 
porphyrin-Og obtained by oxidizing the green pheeophorbide 
in hydriodic acid has been shown to be an acetyl derivate 
formed by the conversion of *011:0112 into *00*0113 at the 
same time that the i^oporphin ring changes to the porphin 


• These formulas correspond with the free scids, but the compounds are 
isolated as mono-methyl esters. 

(B 480) 
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This acetyl derivative is identical with that obtained 
by acetyiating the synthetic 1:3:5: 8-tetramethyl’4-ethyl- 
phylloerythrin and hence must be the 2-acetyl compound. 

»3. An examination of physical properties such as absorp- 
tion spectra, optical activity, and relative basicity of the 
pyrrole rings indicates that there is a difference in structure 
between the green derivatives of chlorophyll, e.g, phfeophor- 
phides and chlorins, and the lower degradation products the 
porphyrins. Thus the green derivatives give absorption 
bands, both visible and invisible, quite different from those 
of the porphyrins, and the relationship between the two is 
much the same as that between the derivatives of dihydro- 
benzene and benzene, and this suggests that the green deri- 
vatives have a dihydroporphin ring (Connant, J. A. C. S., 
1931, 3522). Connant and others {ibid. 1930, 449; 1933, 
3745; 1934, 2185) have determined the basicity of chlorophyll 
derivatives by potentiometric titrations, and a comparison 
of these values with those of pyrrole derivatives of known 
composition leads to the conclusion that the green derivatives 
contain one pyrrolinine I, two pyrrole II or wo-pyrrole III, 
and one dihydropyrrole ring IV. 

/C:C /CC 

II NIL I III NIU !| 

Njrc (>d 


.cc 

I NC 'I 

\cc 


IV NH< 


/CHC 

II 

\c— c 


Stoll and Wiedemann (Helv., 1933, 307) have shown that 
chlorophylls a and b and also their green derivatives are opti- 
cally active, whereas the porphins derivated from them are 
inactive. 

There is obviously a change of ring structure from woporphin 
to porphin during degradation, and this change occurs when 
a phorphide or a cholin passes over to a porphyrin. 

All these facts are in harmony with Fischer's latest formula 
for the chlorophyll-a molecule.* 


* Linstead suggests that the 2H atoms are not attached to C atoms 6 and 
6, but to the C joining 6 and y and to the adjacent N atom. 
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CH:cn, Me 

I CH 



PhytO^CCHg-HaC 1 i 
10 Cl I CO 

I 

COjMe 

The complete synthesis of chlorophyll-a has not yet been 
achieved. 

Chlorophyll- 6 is similar, but contains an 0 atom in place 
of 2H, and probably this is in the form of an aldehyo, CHO, 
group in position 3 {Fischer, A., 1935, 616, 61). 

Criticisms have been raised against Fischer's formula. 

Phytosynthesis — In the synthesis of formaldehyde and 
hence of glucose the ratio of oxygen evolved to carbon dioxide 
assimilated is always 1:1, the optimum temperature is 37°, 
and formaldehyde and not formic acid is produced. There 
is no very general agreement on the mechanism of the change ; 
one view is that in sunlight chlorophyll-a is oxidized to the 
6-compound, 

C55H„05N4Mg, CO„ H,0 C5,H,oOeN,Mg, H^O + CH,0, 

Chlorophyll-a Chlorophyll-& 

and then in the dark 6 is reduced to a by the aid of carotene, 
which is oxidized to xanthophyll: 

Cfi5H7(,OgN4Mg, HjO *f C40H54 — ► C55H7205N4Mg -f C 4 {,H^ 40 jj. 


•Pollard, Rep., 1936, 420. Frank, Chcm. Rev., 1936, 433. 
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LXV. SYNTHETIC DRUGS 

The earlier drugs of Pharmacology were all derived from 
organized structures, mainly of vegetable origin, and even at 
the present time extracts and tinctures of plant tissues are 
frequently prescribed. In many cases, however, the actual 
active principles present in such plant tissues have been 
isolated, and are now generally made use of in preference to 
the simple plant extracts. The advantages of such pure 
chemical compounds are numerous: other substances with 
quite different physiological properties are eliminated, and 
correct relationships between dose and physiological effect can 
be established. Many of these active principles belong to the 
groups of compounds known as alkaloids (Chap. LVIII) and 
glycosides (Chap. LVI, F.). The chemical study of these com- 
pounds has, in many cases, resulted in the elucidation of their 
structure, and subsequently led to their synthesis, e.g. atro- 
pine (p. 1014:), narcotine (p. 1008), adrenaline (p. 1179), cocaine 
(p. 1015). 

There is still, however, a number of well-known drugs of 
organic origin which have not been synthesized, and which 
are used in large quantities in medicine; well-known examples 
are the alkaloids, quinine and strychnine, and the glycosides 
of digitalis. The synthesis of quinine substitutes has been 
undertaken (J. C. S., 1929, 2945, 2965; 1930, 1256; J. Ind., 
1930, 757), and plasmoQuine, 8-diethylaminoisopentylamino- 
6-methoxyquinoline (this Chap., I 1), is already on the 
market. 

Not only have some of the active constituents of plants and 
animals been synthesized, but, in addition, numerous other 
synthetic products have been introduced into medicine to take 
the place of the older drugs. Hundreds of such compounds 
have been introduced: many have not received general 
recognition, but others have become as well known in medi- 
cine as the older drugs, e.g. phenacetin, aspirin, novocaine, &c. 
Many of these new synthetic drugs are manufactured from 
by-products obtained in the synthetic dye industry, and un- 
doubtedly the two industries are interdependent. 

The world production of pharmaceuticals (including syn- 
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thetics) in 1929 was eatimatefl at £150,000,000, nearly double 
the value for 1913. 

The syntheses of several well-known alkaloids have already 
been given, and in this chapter the synthetic drugs are divided 
into the following groups: 

1. Antiseptics. 2. Hypnotics. 3. Antipyretics. 4. Diuretics 
and various. 5. Synthetic alkaloids and substitutes. 

Chemotherapy is the application of chemistry to the healing 
of diseases, and is generally restricted to treatment by chemical 
substances w^hich are much more toxic to pathogenic organisms 
than to the human or animal host. The term chemotherapeutic 
index = median lethal dose /minimum curative dose, where 
median lethal dose is the dose which will kill 50 per cent of a 
large number of animals. It is clear that in all cases where 
drugs are used internally either per os or by injection it is 
advisable to keep this ratio as high as possible (cf. Pyman, 
0 and I., 1935, 580; 1937, 789). It has been proved that 
repeated injections with a given drug may yield strains of 
organisms which are highly resistant to the given drug, due 
probably to the fact that these strains cannot absorb the drug. 


A. Antiseptics 

The function of an antiseptic is to destroy bacteria and 
other harmful organisms. The majority are used externally 
and only a few can be taken per os. Many are injected in order 
to kill deleterious organisms in the blood (cf. Trypanocides). 

1. FORMALDEHYDE GROUP 

Formaldehyde, CHg-O (p. 150) is a powerful antiseptic, and 
its vapour, obtained by heating paraformaldehyde, is used 
for disinfecting rooms. It cannot be used directly for internal 
use as it is highly corrosive and has toxic properties. Numerous 
condensation products of the aldehyde are used in medicine, 
and most of these owe their activity to the fact that they slowly 
decompose in the organism, yielding formaldehyde. The most 
important of such derivatives are the colourless, odourless, 
non-irritant products formed by condensing the aldehyde 
with carbohydrates, and the best known of these is the con- 
densation product with lactose known under the name of 
formamint. 
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The condensation product with ammonia, viz. hexamethy- 
lene-tetramine (p. 151), 





is largely used in medicine under the names Hexamine, 
Urotropine, &c., as a urinary antiseptic. It has strong anti- 
septic properties, and its aqueous solution produces no irritant 
effects. Numerous derivatives of hexamine have also been 
introduced, both as antiseptics and as uric acid eliminants, 
mainly as additive compounds with substanc'.es such as cam- 
phoric acid (amphotropin), sodium citrate, and sodium ben- 
zoate (cystazol). Tannoform, a condensation product of for- 
maldehyde and tannic acid, CH 2 (Ci 4 Hg 09 ) 2 , is used both as 
an antiseptic and as an astringent. 


2. PHENOLIC GROUP 

Phenol (Chap. XXIV, A.) is one of the common organic 
antiseptics, and many others are hydroxylated derivatives of 
benzene hydrocarbons. The cresols and j8-naphthol are more 
effective antiseptics than phenol and are less toxic, but suffer 
from the fact that they are less soluble in water. Lysol is a 
solution of cresols in soft soap. 

Thymol (p. 483) is used as an antiseptic and also as a poison 
for intestinal parasites such as tapeworms, &c., but as a rule 
the carbonate, C 0 [ 0 -CgH 3 (CH 3 )C 3 H 7 ] 2 , obtained by the action 
of carbonyl chloride on thymol and known as hsrmatol, is used. 
The polyhydric phenols are more toxic than phenol, and are 
made use of in treating skin diseases. The following derivative 

of )S-naphthol, OH’CioH 3 ’CH 2 *CeH 3 (OH)COOH, is used in 

1 2 s 

dermatology under the name of epicarine. 

The investigations of Bechold and Ehrlich (Zeit. physiol., 
1906, 47, 173) on the general properties of substituted phenols 
prove that the introduction of chlorine and bromine atoms 
into a phenol increases its antiseptic properties, e.g. s-tribromo- 
phenol (p. 479) is forty-six times as active as phenol, and 
brominated cresols are still more active. Most of these com- 
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pounds, however, are too toxic for internal use. According to 
R. von Walther and Zipper (J. pr. Chem., 1915, 91, 364), 
p-chloro-m-cresol, OH-CellsCl-CHg (1:4: 3), prepared by the 
action of sulphuryl chloride on rn-cresol, is superior as a 
disinfectant to all other analogous phenol derivatives, and is 
used in conjunction with sodium or potassium ricinoleate to 
increase its solubility. Chloro-m-xylenol, CgH 2 Cl(OH)Me 2 
(1:2:4: 6) and chlorothyinol are used in many antiseptics. 
Picric acid is an excellent germicide, and is also used for 
treating burns, as it kills the nerve endings. 

The introduction of a 4-normal alkyl group into phenol, 
w-cresol, guaiacol or resorcinol increases their antiseptic pro- 
perties, and in all cases the r?-amyl group or the n-hexyl has the 
maximum ellect (J. C. S. L, 1930, 759; J. C. S., 1930, 280). 
Compounds of the types 4-n-hexylresorcinol and 6-n-amyl-3- 
mcthylphenol are used in medicine. A study of the mono-ri- 
alkyl ethers of resorcinol (J. A. C. S., 1931, 3397; 1932, 299) 
and of quiuol ethers indicates a maximum effect with w-hexyl 
tr t?-nonyi in the former and w-amyl or n-octyl in the latter, 
ac*'ordiiig to the organism examined. In these and in many 
other cases the higher — butyl to nonyl — radicals are more 
effective than the simple methyl and ethyl groups, e.g. the 
ethers of harmol (Bio. J., 1933, 727; 1934, 264). The 
branching of a chain tends to lessen the therapeutic activity 
of a group. It is interesting to note that the only ethers occur- 
ring naturally are methyl ethers. 

The introduction of a carboxylic group into the phenol 
molecule lowers both its toxic and antiseptic properties, and 
a-hydroxybenzoic acid, or salicylic acid, and its salts are 
common antiseptics (for synthesis, cf. p. 525), as is also the 
phenyl ester of salicylic acid known as salol, OH'CeH^,- 
COgC^Hg (p. 525), which is used as a bladder and intestine 
antiseptic. The chief use, however, for salicylic acid and its 
salts in medicine is for cases of acute rheumatism, when its 
action is most marked. As the acid and its salts produce 
gastric troubles, they have been largely replaced by acetyl- 
salicylic acid, aspirin, CH3*C0*0'CeH4-C00H, and its salts. 
The sodium salt is tylnatrin and the calcium kalmopyrin. The 
natural glucoside, salicin (p. 947), is sometimes administered, 
as in the organism it is hydrolysed to glucose and salicyl 
alcohol, which is slowly oxidized to salicylic acid. 

Sodium cinnamate (heiol) has been recommended in cases of 
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tuberculosis, in aqueous or better in glycerol solutions, and 
m-cresyl cinnamate, CgH5-CH:CH'COOCeH4*CH3, known as 
hetocresol, is used as a dusting powder for tuberculous wounds. 

In the organism salol is hydrolysed very slowly to phenol 
and salicylic acid, and both of these exert their antiseptic 
properties. The method of synthesis of salol has been used 
for the preparation of numerous other esters derived from 
salicylic acid and also from other acids. Some of these esters 
can also be prepared by heating salol with another phenol, 
e.g. quinol, eugenol, carvacrol. Monosalicylin, OH CHg* 
CH(0H)*CH2 0-C0 CeH4 0H, is known as glycosd. Methyl 
aoe^lsidicylate, CH3*C0*0*CgH4-C00CH3, is methylrodin, and 
met^l henzoylsalioylate is benzosalin, j3-Naphthyl salicy- 
late, which is next in importance to salol, is known as betol 
or naphtholsahl, menthyl salicylate is salit, and phenyl salicyl- 
salicylate is disalol. 

Guaiacol (p. 484) and its derivatives are also used for medi- 
cinal purposes. A common synthesis is from o-nitrophenol 
(p. 480), which is transformed into o-anisidine in the following 
stages : 

NOa-CeH^ OH NO^C.H^ OCH, NHs C.H^ OCH,, 

The anisidine is then diazotized, and the solution poured into 
a mixture of sulphuric acid and sodium sulphate at 135°~160°, 
when the guaiacol distils over. Ouaiacyl carbonate or dmtal, 
{0CH3*C3H4*0)2C0, made from the sodium derivative of 
guaiacol and carbonyl chloride, is less toxic than guaiacol. 
Gnaiacyl phosphite, phosphatd, P(0'C3H4-0CH3)3, from phos- 
phorus trichloride and an alkaline solution of guaiacol, the 
benzoate, cinnamate, acetate, and cacodylate have all been 
prepared. The monoglyceryl ether, gnaiamar, OH-CHg- 
CH(0 H)*CHjj* 0-C4H4-0CH3, from monochlorhydrin (p. 230) 
and alkaline guaiacol, is soluble in water, and is hydrolysed 
to its components in the organism. Potassium gnaiacobS- 
sulphonate, 0H*C3H3(0CH8)S03K, known as thiocol, is less 
irritant than guaiacol. 

Dermatol, a derivative of gallic acid, viz. basic bismuth gal- 
late, CeH8(OH)3*COOBi(OH)2, is an iodoform substitute. 

Salts of mandelic acid (p« 529) are largely used as urinary 
antiseptics. 
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3. IODINE COMPOUNDS 

Various iodine derivatives are used as antiseptics, the best 
known of which is the external antiseptic iodoform, CHI3 
(p. 68). A compound of iodoform with hexamethylenetetra- 
mine, known as iodoformin, is odourless, as is also the com- 
pound with hexamethylene-tetramine-ethyl-iodide known as 
iodoformal. Both compounds are decomposed by water into 
their components. lodothion, : 3-di-hydroxypropane, 

CH2l*CH(OH)*CTl2*On, is formed by the action of potassium 
iodide on glycerol and chlorhydrin. lodol or tetrai^opyrrole 
is odourless and non-irritant, and resembles iodoform in the 
fact that its action is probably due to the liberation of iodine. 
It is prepared by the action of iodine on an alkaline solution 
of pyrrole (p. 662). 

Compounds of the type of 5-triiodo-m-crcsol prepared by 
the action of iodine on CeH3(CH3)(0H)C02H (1:3: 4), or on 
m-cresol, resemble phenol in antiseptic properties, e.g. aristol, 
diiododith3rmyl or 2 : 2-dimethyl-3 : 3'-diiodo-4 : 4'-diisopropyl- 
6 : 6'-dihydrokydiphenyl, C3H7 • CeH2Me(I) • CeHaMeCCgH,) • I. 
Another type of iodine derivative is ^-iodoxy-toluene, isoform, 
CH3*CqH 4‘I02, valuable as a dry antiseptic. 

4, SULPHANILAMIDE GROUP 

Sulphanilamide, p-aminobenzenesulphonamide, NH2*C6H4* 
SOjNHg, has proved invaluable as an internal ansesthetic, 
and is used for various types of streptococcal infection, 
including puerperal fever, general septicaemia, erysipelas, 
peritonitis, arthritis, tonsilitis, meningitis, also for various 
types of pneumococcal infections, e.g. cerebrospinal meningitis, 
pneumonia, and for staphylococci, e.g. carbuncles, abscesses, 
&c., and infections due to Bacillus coU. 

Numerous derivatives of sulphanilamide and allied com- 
pounds have been examined to test their bactericidal activity. 
It is essential that there should be a sulphur atom para to the 
amino group. Sulphanilic acid itself is only slightly active and 
benzenesulphonamide is entirely inactive. The introduction 
of other groups into the ring tends to minimize the activity, 
but the introduction of aldehyde residues (Schiffs bases) of 
an aminated acyl group into the amino group increases the 
activity. One of the most active compounds is 4 : 4'-diamino- 
diphenylsulphone, (NH|-C^H4)2SOj|, but it is also highly 
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toxic; the corresponding diacetyl derivative is also highly 
active and much less toxic, and the 4 - amino - 4 ' hydroxy 
compound is active and not too toxic. 2 -p- Aminobenzene 
sulphonamidopyridine (p-aminobenzpyridylsulphonamide) (p)- 
NH2-C6H4*S02*NnPyr, is very effective in cases of pncu* 
monia. 

N-Dodecanoylsulphanilamide is stated to be more effective 
than the simple compound in cases of tuberculosis and strepto- 
coccal infections; it has a low toxicity and a high degree of 
solubility in fat. 

Other compounds of this type are: 

The Prontosils are sulphonamides containing an azo group. 
Prontosil itself is 2 : 4 -diamino-azobenzene- 4 '-sulphonamide, 
(NHg) 206 ^^ 3 *^^ ‘ N-CeH4*S02*NIl2, and is a most effective 
remedy for practically all the infections referred to in the 
case of sulphanilamide, and its action is attributed to 
the formation of this latter compound in the body. Soluble 
prontosil or prontosil S contains a naphthalene ring: 


NaOaS/ 


-NHAo 

-80,Na. 


These compounds have come into general use since 1935 , 
as they are readily adininisterod per os and are not too toxic. 

Proseptasine, p-C6H5*CH2-NH-CgH4*S02*NH2; Solusepiaciney 
disodium p-{y- phenylnropylamino) - benzene - sulphonamide - 
ay-disulphonate, S03Na*CnPh*CH2*CH{803Na)-NH'CeH4-S02- 
NIT2 ; ulerony p - aminobenzene - sulphonyl -p'- aminobenzene - 
sulphone - di - methylamide, NH2*CeH4-S02*NH-(^H4*S02NMe2 ; 
and Diseptal (p- aminobenzene -sulphonyl aminobenzene - 
sulphone-methylarnine) with the -SOg-NHMe in place of 
•SOg-NMeg, are also of value. 


5. CHLORAMINE GROUP 

The group of organic compounds containing Cl attached 
to N, viz. the chloramines, are valuable antiseptics. Their 
physiological action is similar to that of hypochlorite, but 
they are less irritant and much more stable, and it is easy to 
obtain aqueous solutions of definite strength. They are largely 
used for treatment of infected wounds, and are prepared by 
the action of hypochlorite solutions on compounds containing 
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tlift NH or NHg groups (cf. Chatlaway, J. C. S., 1905, 
1 45). The commonest of these compounds is sodium jo- toluene* 
sulphonechloramide, CHg* 0^114 -SOg-NClNa, SHgO, known 
generally as chloramine T or tolamine. It is made from p- 
toluene-sulphonylchloride, CH3.C5H4*S02C1, a by-product in the 
manufacture of saccharine (p. 519). This is converted by the 
action of ammonia into the corresponding amide, which yields 
chloramine T when warmed with sodium hypochlorite solution. 

The corresponding dichloro-derivative, dichloramine T, made 
from 7}-toluenCvSulphonamide by the action of bleaching-powder, 
and the carboxylic acid, ;)-sulphone-dichlorammobenzoic acid, 
halazone^ C02H-C6H4-S02*NCl2, prepared by oxidizing p- 
toluenesulphonaniide with dichromate and sulphuric acid and 
treating an alkaline solution of the product with chlorine, 
are both good disinfectants. The latter is used for sterilizing 
drinking-water. 


6. (illOUP OF ANIJJNK DYES 


Many aniline dyes have antiseptic properties, and several 
of these have found use in medicine, more particularly for 
destroying the protoz(ia characteristic of certain diseases. A 
few of the more important dyes used are: 

(a) Azo Compounds. 

Trypan red, obtained by diazotizing both amino-groups in 
benzidineorthosulphonic acid, NH2*C6H4*C6H3(S03H)*NH2, and 
coupling the tetrazonum salt with 2-naphthylamine-3 : 6-disul- 
phonic acid. Its structural formula is; 


SOjNa NIL, SOaNa NH^ SOaNa 



Trypan blue is obtained by diazotizing o-tolidine (p. 545) 
and coupling the tetrazo-corapound with 8-amino- 1-naphthol- 
3 : 6-disulphonic acid, and has the formula : 

(SO,Na),(NH,)(OH)CioHsNa-C.H,-C,H4-N,CioH«(()ri)(NH,)(SO,Na),. 

Characteristic of the dyes of the benzidine series possessing 
trypanocidal properties is the presence of sulphonic acid groups 
in the 3 : 6 positions. 
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Brilliant green» the sulphate of the ethyl base corresponding 
with malachite green (p. 555), prepared from benzaldehyde, 
diethylaniline, sulphuric acid, and an oxidizing agent such as 
lead peroxide, has the structure NEt2*CeH4*C(CgH5) : C5H4 : 
NEt2HS04, and is largely used as a general antiseptic. 

Methylene blue (p. 1053) is used internally for various 
diseases, including rheumatism, nephritis, &c., and other dyes 
are methyl violet and crystal violet. 


(6) Pyridine Derivatives. 

Derivatives of 2-ainino- and 2 : 6-diaminopyridine are of 
great value as drugs, and the azo-c->mpounds (p. 686) are 
antiseptics, especially pyridium, phenylazo-2 : 6*diaminopyri- 
dine hydrochloride, 

4 9:0 

and neotropin, 

OJ1,OC,NH3*XVC,NH,{NH®),. 

obtained by coupling diazotized 2-butoxy"5-aminopyTidine 
with 2 : b-diaminopyridine. 

For arseno-compounds, cf. Chap. LX VI. 


( 0 ) Acridine Derivatives. 

Proflavine, or 3 : 6-diainino-acridine-sulphate, 


.CH 

I HaS04, 


is prepared synthetically from ^-^^-diamino-diphenylmethane : 
this is nitrated, and then reduced with tin and hydrochloric 
acid, when 2:4:2': 4'-tetra-amino-diphenylmethane is ob- 
tained, The solution containing the reduction product in the 
form of its stannichloride is heated in an autoclave at 140°, 
when ring formation occurs, ammonia is eliminated, and 3 : 6- 
diamino-acridine is obtained: 


-CH. 

NH, a* NHj 



NH, 



It is useful in cases of meningitis and gonorrhoea. 
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Aoriflayine, 3 : G-diaminomethylacridinium chloride, 



CH3 \ci 


NH„ 


is obtained by acctylating proflavine, methylating the tertiary 
nitrogen atom by means of methyl sulphate, and then elimi- 
nating the acetyl groups and heating with hydrochloric acid. 
Rivanol has OEt in 7 and NHg in 3 and 9. The acridine dyes 
are used for the treatment of wounds; they are highly 
antiseptic and devoid of irritant or toxic action, and do not 
inhibit the process of healing. 


B. Hypnotics and Anaesthetics 

The oldest of these is morphine, but it has now been largely 
replaced by synthetic materials which are free from the un- 
pleasant and dangerous properties of morj)hia. General anaes- 
thetics are closely related to hypnotics from a physiological 
standpoint, but are usually volatile compounds, which are 
administered by inhalation, as their effects are then so much 
more rapid and the duration much more readily controlled. 

The hypnotics and general anaesthetics belong to various 
groups of carbon compounds. General anaesthetics comprise 
the group of halogen derivatives of aliphatic hydrocarbons 
and the group containing alkyl, particularly ethyl, groups. 
The non-volatile narcotics include compounds of these t]ypes, 
and also many compounds containing the carbonyl group, and 
others contain a heterocyclic nitrogen ring. 

Various attempts have been made to establish relationships 
between hypnotic action and physical properties. In many 
cases it is found that in a given series of hypnotics the physio- 
logical activity increases with the distribution coefficients of 
the substances for fat and water, or, in other words, with the 
rapidity of diffusion of the substance into protoplasm (Overton, 
H. Meyer), There are various substances, however, which 
have a high distribution coefficient, but are without hypnotic 
action. According to Trauhe, the osmotic permeability, or, in 
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other words, the surface tension of the substance, determines 
the narcotic action. In reality both surface tension and the 
distribution coefficient are important physical factors affecting 
hypnotic action. Baglioni suggests that the narcotic action is 
due to deprivation of oxygen, and it has been shown that 
chloroform, ether, and chloral hydrate diminish the oxidizing 
capacity of tissues. 

1. HALOGEN ANAESTHETICS AND HYPNOTICS 

The best-known halogen anaesthetic is chloroform (p. 68). 
Pure chloroform is unstable, and is decomposed by air and 
moisture, yielding phosgene, which is highly injurious. This 
decomposition is prevented by the addition of about 2 per 
cent of ethyl alcohol. 

A German process for the manufacture of chloroform con- 
sists in saturating alcohol (95 per cent) with chlorine, and 
then allowing the chlorinated product to flow over calcium 
hydroxide mixed with a little bleaching-powder. The other 
halogen derivatives of methane also possess hypnotic action, 
which tends to increase with the amount of chlorine present; 
thus carbon tetrachloride is more efiective than chloroform, 
but is not generally used, as it is more toxic. Ethyl chloride 
(p. 64) is used both as a general and a local anassthetic, but 
its use for the latter is simply due to the low temperature 
produced by its rapid evaporation. Practically all halides with 
boiling-point between 25°-60° can be used in place of ethyl 
chloride. Chloral hydrate, which is non-volatile, is a common 
hypnotic; it cannot be injected subcutaneously, as it has a 
deleterious after-effect on the heart. Its activity is not due 
to the formation of chloroform, as trichloroethyl alcohol and 
not chloroform is formed in the system. Many compounds and 
derivatives of chloral are used, but all these depend on the 
primary liberation of chloral, and have few or no advantages 
over chloral hydrate. Chloral formamide, CCl 3 *CH(OH)*NH- 
CHO (cAloralamide), is a mild hypnotic and sedative. Donniol, 
CCl 3 *CH( 0 H)- 0 'CMe 2 ‘CH 2 *CH 3 , is a condensation product of 
chloral and tertiary amyl alcohol. Chloral urethane, CClj* 
CH( 0 H)*NH*C 02 C 2 H 5 , yields a soluble ethyl derivative known 
as somnal. 

Tertiary trichlorobutyl alcohol, CCl3*C(CH3)20H, ohlore- 
tane, obtained by condensing acetone and chloroform in the 
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presence of solid potassium hydroxide, is a cryblallme solid, 
m.-pt. 96°, and has no irritant action on the stomach but 
acts as a sedative. It is largely used in U.S.A. in cases of 
sea-sickness and vomiting. Bromal hydrate in large doses 
has an anaesthetic action. Various bromine derivatives act 
as mild hypnotics. Some of these are: bromopin, a com- 
pound of bromine and sesame oil which can be used as 
a substitute for potassium bromide; sodium a-bromoiso- 
valerate, valerobromine, CH(CH 3)2 * CHBr • COgNa ; bornyl 
a-bromoisovalerate, CH(CH3)2*CHBr*C02CioH7, bromovalol or 
eubomyl, and a-bromoiso - valerylurea, CH(CH 3 ) 2 *CHBr*CO- 
NH-CONHg, bromoml or dormigene, and also bromo- 
derivatives of protein, e.g. bromoglydine and bromalbin. 
Analogous iodine compounds are also used, e.g. iodipin, 
analogous to bromopin, iodival, or iodoiso valerylurea, and 
iodo-derivatives of proteins; most of these compounds are 
used as substitutes for alkali iodides which often produce 
unpleasant symptoms. 

2. ETHYL ANAESTHETICS 

A second important group of anaesthetics comprises the 
compounds containing alkyl groups attached to OH or 0. 
Methyl groups appear to be inactive, but compounds contain- 
ing ethyl, and especially tertiary alkyl groups, e.g. -CMca, 
•CMcgEt, and CEtg, have strong hypnotic action. Ethyl 
alcohol is useless, as very large doses are required to produce 
sleep, probably owing to the readiness with which it is oxidized 
in the tissues, and higher alcohols are not employed, as they 
are not readily volatile. Ethyl ether is a very common anaes- 
thetic. Other ethers, e.g. EtOMe and MeOPr, have similar 
effects but are more expensive. Ethylene is also used and also 
vinyl ether, vinethane, 0(CH;CH2)2, as substitutes for nitrous 
oxide; also carefully purified acetylene in conjunction with 
oxygen. 

Derivatives of urea containing a tertiary alkyl group are 
also efficient hypnotics, tertiary-amyl-urea, NHg'CO-NH* 
CMcgEt, being one of the best. Numerous ureidea are also 
used. 

Amides and Ureides: Barbituric Adds. — Certain acylic 
amides, e.g. bromacetamide, CH 2 Br*CO*NH 2 , have slight 
hypnotic properties which are greatly increased by the intro- 
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duction of ethyl groups. The compound CEtjBr-CO'NHg was 
employed for years under the name of neuronal, but has 
become replaced by novonal, diethylallylacetamide, CH2:CH' 
CH2-CEt2*C0-NH2, obtained from ethyl cyanoacetate by the 
following stages: alkylated to diethyl compound, hydrolysed 
and GOg eliminated, yield diethylacetonitrile, alkylated with 
K and allylbromide to the allyldiethyl nitrile, and partially 
hydrolysed to the amide. 

Ureides, i.e. acylated ureas (Chap. XIII, C.), are more active 
than amides. 

Of the monoureides (p. 322 ) those containing a bromine 
atom are of value, e.g. a-bromoisovalerylcarbamide, CHMeg* 
CHBr CO NH COg NHo, is uvaleral or dormigene, and uradal 
or adalin is Br-CEtg-CO-NH-CO-NHg. Numerous diureides are 
used, particularly the substituted (dialky la ted) barbituric acids, 



Diethylmalonylurea or diethylbarbituric acid is the well- 
known veronal or barbitone; the activity of the corresponding 
dipropyl compound is so intense that it is too dangerous 
for general use. Butylethyl is soneryl and diallyl is dial. 
Luminal is the phenyl ethyl compound. The allyl isopropyl 
compound is used with antip3^ine under the name aUional. 

Noctal is isopropyl-bromopropenyl-barbituric acid CPr-CH: 
CBr-CHg in place of CEtg; veronal is 5 times as active as 
the latter. Dormalgin contains the secondary butyl in place 
of the secondary propyl group of noctal, and is used in child- 
birth and frequently used in conjunction with pyrimidone. 
These dialkylated barbituric acids can be prepared by con- 
densing dialkylmalonic esters with urea in the presence of 
sodium ethoxide: 

/COOEt NH,\ /CO'NH. 

CEtZ 4- >CO -> CEt.,< >CO 4- 2EtOH. 

\COOEt NH/ 

Many of the urethanes (p. 317 ) exhibit hypnotic properties; 
the best known of these is bedonal, methylpropylcarbinyl ure- 
thane, NH2*C0-0CH(CH3)C3H7, prepared by the action of urea 
nitrate on methylpropylcarbinol. 

Most ketones can act as hypnotics. Those containing ethyl 
groups are more active than those containing methyl; the 
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true aromatic ketones have only a mild action, but mixed 
ketones, e.g. acetophenone, hypnone, CgHg-CO-CHg, and phenyl 
ethyl ketone, C^Hg-CO-CgHg, are much more active. 

3. SULPHONES 

A group of great practical importance are the sulphone de- 
rivatives, the most important representatives of which are sul- 
phonal dimethylrnethane-diethylsulphone, C(CH 3 ) 2 {S 02 C 2 H 5 ) 2 , 
and trional, CH3*C(C2H5)(S02C2H5)2. A comparison of the 

ySOJi^ 

wdiole series of compounds proved that to 

^S02R^ 

produce a compound with hypnotic properties it is necessary 
that R^ and R^ should be ethyl groups, and R^ and methyl 
or ethyl. The most powerful is tetronal, where all 4 radicals 
are ethyl, but it is poisonous. Sulphonal is manufactured by 
condensing acetone and ethyl mercaptan in the presence of 
hydrogen and calcium chlorides, and oxidizing the resulting 
merca})tol with excess of permanganate (p. 161). Trional can 
be prepared in a similar manner by replacing acetone by 
methyl ethyl ketone. An alternative method is to condense 
acetaldehyde with ethyl mercaptan, oxidize the mercaptol, and 
then ethylate with ethyl iodide and alkali: 

Cllla-CH : O CIl3 CH(8C2H5)8 CHs-CJUCSOaCaHs), 

For local ana‘sthetics, cf. this Chap., 14. 


C. Antipyretics 

Quinine is able to reduce the body temperature in cases of 
fever, i.e. it is an antipyretic, but at the same time it has 
a specific efiect against malaria. The first synthetic experi- 
ments were made with the object of obtaining substances 
comparable with quinine, which was known to be a quinoline 
derivative, although its structure was not then established. 
Various alkylated tetrahydroquinolines were prepared and 
shown to possess antipyretic action; kairine, l-ethyl-5- 
hvdroxytetrahydroquinoline, is one of the most effective, but 
aU these compounds are useless as they are toxic to red 
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blood corpuscles. Knorr was the first to produce a valuable 
synthetic antipyretic in 1887 in the substance known as 
antipyrine, pbenazone (p. 676). This compound has greater 
antipyretic activity than quinine, but has no specific action 
against malaria. Like many of the synthetic antipyretics, it 
has a powerful analgesic action, i.e. it can act on the nervous 
system and soothe pain, especially neuralgic pain. Numerous 
derivatives have been put on the market, but most of these 
are not superior to the original antipyrine. A valuable deri- 
vative is pyramidon, 4-dimethylamino-antipyrine: 

( 2 ) ( 3 > 

( 1 ) 

CeHsN< 

\CO • C NMo„ 

( 4 ) 

which is prepared by the following process from antipyrine: 
nitrous acid yields the 4-nitro8o derivative, and this is readily 
reduced to the corresponding amine, which when methylated 
yields pyramidone. A better method is to condense 4-amino- 
antipyrine with nitrosodimethylamine, yielding a compound 
with the 'NiN-NMeg group in position 4, which with copper 
powder yields Ng and pyramidon. 

The cheapest of all antipyretics is acetaniline (antifebrine) 
(p. 445), It has valuable antip}Tetic and analgesic properties, 
but suffers from the defect that aniline is gradually liberated 
in the system, and symptoms of aniline poisoning may become 
apparent. Various other anilides have been suggested for 
use but have met with little favour. 

Phenylurethane, CgHg-NH-COgCgHj (euphorin), from ethyl 
chloroformate and aniline, has marked analgesic properties. 

Phenaoetin, p-ethoxyacetanilide, OC 2 H 5 *CeH 4 -NH-CO CH 3 
(p. 481), is the best-known representative of the y-amino- 
phenol derivatives, and the corresponding methoxy derivative 
is even more active, but is also more toxic. It can be prepared 
in a variety of ways, e.g. 

;?-N 0 aC 6 H 40 H -> NH.CeH^OEt Ac*NH-C«H4*ORt. 

The propyl and butyl ethers are much less active. The idea 
that derivatives of p-aminophenol might be useful as drugs 
was suggested by the observation that this is the main product 
formed when aniline and its simple derivatives are introduced 
into the organism. Numerous derivatives of phenaoetin have 
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been tried but none has any advantage; in all cases the thera- 
peutic effect appears to be due to the liberation of p-amino- 
phenol or of its ethyl ether in the tissues. The ethyl derivative, 
OEt*CeH4*NEt'CO*CH3, is even more efficient than phen- 
acetin, but its higher cost militates against its use. Numerous 
compounds in which the acetyl group of phen acetin is replaced 
by other acyl groups, e.g. lactyl, diacetyl, salicyl, mandelyl, 
have been examined but are not so effective as the acetyl 
compound. Its salt with salicylic acid is used under the name 
salipyrin. Various condensation products of phenetidine, 
0C2H5*C3H4*NH2, with aldehydes have been prepared, e.g. 
with salicylaldehyde, vanillin, and vanillin ethyl carbonate. 
Amino-phenacetin, phenocoll, OEt’CeH4*NH*CO*CH2*NH2, pre- 
pared from ammonia and bromoacetylphenetidine, is similar 
in action to phenacetin; it has a greater analgesic action, and 
is a good substitute for salicylic acid in cases of rheumatic 
fever. 

Salophen, NHAc‘CgH4 C02*CgH40H’, the salicylic ester of 
p-acetaminophenol, is also used. 

The commonest antipyretic is acetylsalicylic acid, CHg-CO'O* 
C6H4*C02H, aspirin, and is made by the action of acetyl 
chloride and zinc chloride, or of sodium acetate and acetic 
anhydride, on the acid. Salicylosalicylic acid, diplosal, 
0H-CgH4*C0*0*CeH4*C02H, and succinylsalicylic acid, di- 
aspirin, are also used. Salophene (p. 526), 0H*C6H4*C02 * 
C^H4*NHAc (p), has no taste and no odour, and is used as a 
substitute for aspirin. Spirosal, 0H CeH4*C02*CH2*CH2*0H, 
is made from sodium salicylate, C2H4Br2, and water. Sodium 
salicylate is a common drug for rheumatism of the joints. 


D. Sympathomimetica 

Drugs with sympathomimetic action are those which stimu- 
late the sympathetic nervous system, produce rise in blood 
pressure by contracting blood vessels and reduce the peristatic 
movements of the intestine. They are frequently used in 
conjunction with local ansesthetics to prevent excessive 
hflemorrhage. The simplest is 2-phenylethylamine, 
CHg’CHj-NHjj active are aryl ethanolamines, 

ArCH(OH)CH2NH2. 

The most important of these is ^adrenaline, 3 : 4:-(OH)2CgH3- 
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('H(()H)’CH 2 *NHCll 3 , a crystalline compound obtained 
from the suprarenal glands (Takamine, Am. J. Pharm., 1901, 
78, 523; for constitution, compare Jowett, J. C. S., 1904, 
192), The constitution is confirmed by the fact that the 
ketom’c oxidation product adrenalone is identical with the 
synthetic compound derived from methylamine and chloro- 
acetylcatechol, and must be represented as (OH) 2 CgH 3 'CO* 
CHg-NH-CHg (Friedmann). Adrenaline is formed when the 
sulphate of the amino-ketone is reduced with aluminium 
amalgam or electrolytically. An interesting synthesis (Jap. 
Pats., 1918) is from protocatechuic aldehyde ; this is converted 
into the diacetyl derivative, which condenses with nitro- 
methane in feebly alkaline solution, giving /S-hydroxy : j6-3 : 
4-diacetox]^henylnitroethane (0Ac)2CeH3-CTI(0H)*CH2*N02; 
when this is mixed with formaldehyde and reduced with zinc 
and acetic acid, the diacetyl derivative of adrenaline (OAclg 
CgH 3 *CH(OH)‘CH 2 *NHMe is formed, and this on hydrolysis 
gives adrenaline, r- Adrenaline can also be pre])ared by con- 
densing protocatechuic aldehyde with hydrogen cyanide, 
reducing the resulting nitrile to the primary amine, which 
is then methylated: 

{OE)/\U, CUO (OIl)XJTa CH(OH) CN 

(OH)AHa CH{OH) CH2 NH2 
(OH)Alf'» CH(OH) CH, NHCH,. 

The racemic compound can be resolved by means of d-iartaric 
acid and also by means of Penicillium glaucum. This method 
is not used commercially. It is interesting to note that the 
Z-compound is about twelve times as active physiologically as 
the corresponding d-compound. The ketone adrenalone (cf. 
above) is not so active as adrenaline, and two alkyl groups 
attached to the N atom diminish the activity. 

The methylene and dimethyl ethers of adrenaline have also 
been synthesized, e.g. the dimethyl from veratraldehyde and 
the methylene ether from piperonal (p. 497), as denoted 
by the following scheme, where R represents either the 
{OMe) 2 C«H 3 or CU^O^C^li^ groups: 

R-CHO r ch(oh) ch3 -H. r ch:ch, 

CH.Mgl heat 

RCHBrCHjBr RCH(OH)CH,Br 

Aqueous 

acetone 

R CH(OH) CH. NH CH,. 

CH.'NH, 
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Adrenaline is largely used in conjunction with the local 
ansesthetics cocaine and eucaine, as it tends to check bleeding ; 
it is also used to neutralize the toxic effects of cocaine, and is 
used as a specific for hay fever. 

The parent substance of the group of adrenaline derivatives, 
viz. parahydroxyphenylethylamine, tyramine, OH*CgH 4 'CH 2 - 
CHg’NHg, can be obtained by elimination of carbon dioxide 
from t^osine (pp. 526 and 1210), 0 H*CeH 4 *CH 2 *CH(C 02 H)* 
NH 2 ; it is present in putrid meat, and is undoubtedly derived 
from the tyrosine present in the meat, just as phenylethylamine 
and isoamyl amine, which are also present in putrid meat, are 
derived from the corresponding carboxylic derivatives, phenyl- 
alanine (pp. 521 and 1210) and leucine (p. 1210). Para^droxy- 
phenylethyl amine is also present in the aqueous extract of 
the drug ergot, and its synthesis has led to its therapeutic 
use. The following synthetical methods have been adopted: 

1. p-Hydroxy benzyl cyanide on reduction with sodium and 
alcohol yields the amine {Barger y J. C. S., 1909, 1123). 

2. Phenylethylamine from benzylcyanide is benzoylated 
and then nitrated, the nitro compound is reduced to the 
corresponding amine, and this, by means of nitrous acid, 
transformed into the hydroxy derivative, and finally the 
benzoyl group is removed by hydrolysis (Barger and Walpole, 
ibid. 1720). 


CeHs CH. CHj NH COPh NOa CeU^ CTIa CHjj NH COPh 
NH2'C«H, CH, CH, NH COPh 
OH CeH.'ClJ.CHg NH COPh 


3. Anisaldehyde and nitromethane react in the presence 
of dilute alkali, yielding ^-nitro-p-methoxystyrene ; this is 
reduced to the corresponding saturated amine, and the methyl 
ether converted into the free phenol by means of hydriodic 
acid (Rosenmundy B., 1909, 4778): 


CH,O C JJ* CH : 0 CHeO CeH^ CH : CH NOa 

CH,0 CeH^ CH^ CHj NH, OH Cell, CHa CHa NH,. 

4 . Starting with anisaldehyde, jE>-methoxycinnamic acid is 
prepared by condensing with ethyl acetate in the presence 
of finely divided sodium. This acid is reduced to the corre- 
sponding saturated acid, which is converted into its chloride 
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and then into the amide, which, by the Hofmann reaction, 
yields the amine. The last stage consists in converting the 
methoxy into the hydroxy group by means of concentrated 
hydrobromic acid: 


CHjO Cell^ CHrO CH3O GeH4 CH, CH, C02H 

CH3O CJI^ CH^ CH^ CO NH. 
CH,O CaH4 CH2 CH2 NH, 

OH CeH. CH. CH. NH*. 


^Eplled^me, CeH 5 -CH{ 0 H);CHMe NHMe, l-phenyl- 2 .methyl. 
amino-propan-l-ol, occurs in species of ephedra, and the 
d-Z-base can be synthesized by condensing benzaldehyde with 
nitroethane to l-phenyl- 2 -nitro-propan-l-ol, CgH 5 'CH( 0 H)* 
CH(N 02 )*CH 3 , reducing to the corresponding 2 'hydroxyamino- 
compound -NH-OH, condensing with formaldehyde to the 

methylenenitrone — | , and final reduction to the 

d-Z-alkaloid. Another method is from benzene and a-bromo- 
propionyl bromide to C^Hg-CO-CHMeBr, which with CHg^NH* 
SO 2 C 7 H 7 gives CgH 5 'C 0 ‘CHMe*NMe* 802 C 7 ll 7 , and this on 
hydrolysis and reduction yields ephedrine. It can be adminis- 
tered per os, is absorbed less quickly, and its action is less 
intense than that of adrenaline. 

A number of compounds analogous to adrenaline but minus 
the hydroxyl of the secondary alcoholic group have been syn- 
thesized. The three following syntheses are typical: 

( 1 ) Epinine, 3 : 4-dihydroxyphenylethylamine, (OH) 2 CeHj* 
CHa'CHj'NHg {Mannich and Jacohsohn, B., 1910, 189): 

(OMe)AH3'CH, CII (OMe),CeH, CH, CH:0 

Eugenol methyl ether Ozone 

(OMe^AHa'CH^ OHrN OH 
NH.'OH 

(OMe)AH3 CH,-CH2 NH, 

Sod. amalgam 

(0H)AH, CH, CH, NH,. 

HI 

It can also be obtained from the alkaloids laudanosine and 
papaverine (Chap. LVIII, D.) by oxidation. 

( 2 ) 3:4“ dihydroxyphenylethyl - methylamine, (OH)jHeH 3 - 
CHj-CHg NH CHa (Pymcm, J, 0. 8 ., 1910, 264), from 1-keto- 
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6 : 7-dimethoxy~2-methyl-tetrahydroi8oquiaoline and hydro 
chloric acid at 170'^-175'^: 

CH, 


MeO 
MeO— 1 




CH, 

I 

NOIL 


HO 

HO 



!H,CHjNHCH, 

OOH 


O 


(OIOAHsCHjCHo NH CH,. 


The methyl gron})a are removed, the ring is broken between 
the carbonyl group and nitrogen atom by the addition of 
water, and finally carbon dioxide is eliminated. 

(3) Sympathol {synephrm)^ 2-p-hy droxy phenyl -2-hydroxy - 
ethyl-methylarnine, OH*Cgli 4 *CH(OH)-CH 2 *NHMe, prepared 
from phenyl benzoate and bromoacetyl chloride by the fol- 
lowing stages: 

CeHfiO OO C'elifi f BrCHa COCl ;>.PhCO O Cell^ CO CHsBr 

Friedel-Crafts 

PhCO O C^H.-CO CHa NMe SOa C^H, -h. OH CelT, OO CH, NHMe 

Hydrolyse 

OH C,H4 CH(OH) CHa NHMe. 
red 


(4) Hordenine, jp-hydroxyphenylethyl-dimethylamine, a sub- 
stance present in germinating barley, from phenylethyl alcohol 
(Barger, J. C. S., 1909, 2193). Ilordenine is now made by 
methylating p-hydroxyphenylethylamine with methyl chloride. 

Barger and Dale (J. physiol.. 1910, 41, 19) have made a 
careful comparison of the physiological properties of these and 
numerous similar compounds. Some of the conclusions they 
arrived at are : 

1. The sympathomimetic action is characteristic of a large 
series of amines, the simplest being the primary aliphatic 
amines. 

2. As the structure of the amine approaches that of adren- 
aline the activity increases. The optimum effect is attained 
with a carbon skeleton consisting of a benzene ring with a 
side chain of two carbon atoms, the terminal one bearing the 
amino group. Another condition for optimum effects is the 
presence of two phenolic hydroxyl groups in the positions 
3 : 4 relative to the side chain. When these are present an 
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alcoholic hydroxyl still further intensifies the activity. A 
phenolic hydroxyl in position 2 has no effect. 

3. The quaternary ammonium salts corresponding with the 
amines related to adrenaline and tyramine have an action 
similar to that of nicotine. 


E. Excitants 

Used te increasing blood pressure and as cerebral stimulants. 
Caffeine is frequently used with antij)yriD or aspirin; it also 
has a diuretic action. Camphor is also used, and hexeton, 
l“methyl-5-isopropyl-3-keto-A^-cyclohcxene, is stronger than 
camphor. 


F. Diuretics and Uric Acid Eliminants and 
Various Drugs 


Most purine derivatives have diuretic action. The best 
known of these is caffeine (p. 331), but its chief use in medicine 
is as an excitant, with, e.g., aspirin. The most powerful diuretic 
of the group is theonhylline, 1 : 3-dimethylxanthine (p. 331), 
and is manufactured by TrauWs synthetical method (B., 1900, 
3053). 5-Dimethylcarbamide and cyanoacetic acid condense in 
the presence of phosphorus oxychloride yielding (I), which is 
transformed by alkali into the cyclic base (II). This base 
yields an isonitroso compound (III), which can be reduced to 
the corresponding diamine (IV) by means of ammonium sul- 
phide. The diamine with formic acid yields a formyl derivative 
(V), which gives theophylline (VI) when heated with alkali. 

cociLCN coch,c:nh 

I . * II * . 

NMe CO NHMe. NMe CO NMe. 


coc(:noh)c:nh 

NMeCO miv. 


COC(NH,):CNH, 
NMe— CO—NMe. 


coc(nhcho):cnh2 

NMeCO NMe. 


nhch:n 

VI CO ' C-==:C 
NJVIeCO NMe. 


Theobromine has similar properties, and both are devoid 
of the excitant properties of caffeine. 
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Numeroufl remedies for gout have been suggested; these 
are either recommended with the idea of preventing the 
formation of uric acid or of dissolving it when formed and 
eliminating it from the system. Compounds of the first type 
are relatively complex acids, e.g. quinic acid from cofiee beans 
(p. 529), diphenyl tartrate, hippuric acid (p. 517), salicylic 
acid derivatives. 

Atophan, 2-phenylquinoline-4-carboxylic acid (N = 1), is 
largely used in cases of gout. Similar compounds with COgH 
or OH in the benzene ring or with Ph in 3 or COgH in 2 and 
Ph in 4 are valueless. The methyl ester (novatophan) and allyl 
ester (atochinol) are even more effective, and the urethane 
(•CO'NH’CO^Et in place of ‘CO-OH) fantw has antirheumatic 
and antineuralgic effects. Hexophan has •CeH3(0H)C02H in 
place of Ph in position 2. Atophan is best prepared from 
isatin, which with alkali reacts as the o-amino acid (I), and this 
with acetophenone loses 2 H 2 O yielding atophan (II): 


I 




COCO.H 

NHj 


H,CH 


/C(CO.H) : CH 

N:i 


Ph 


n 


Of uric acid solvents, piperazine, the reduction product of 
pyrazine (Chap. XLV, A.), was first obtained by Hofmann by 
the action of ammonia on ethylene dichloride or dibromide, 
and is most readily purified by means of its di-nitroso deri- 
vative, which yields the base when treated with hydrochloric 
acid or reducing agents. Another method is from ethylene 
dibromide and aniline. The product is diphenyl-piperazine 
(I); this with nitrous acid yields a di-nitroso derivative (II), 
which is hydrolysed by caustic soda to piperazine and p- 
nitrosophenol. 


N:h,ch/ 


n NO Q 




CH,. 

>NC,H4N0. 

•CH,/ 


Various salts of piperazine are also used, e.g. piperazine 
quinate is urol or sidonal, and the tartrate of dimethvlpipera- 

CH,-N=. 

zine is lysetoL The compound I ^-CHg, lysidine, 

CHa-NH^ 

has a solvent action eight times as great as that of piperazine. 

( B 480 ) 39 
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Numerous hexamethyleiietetrarnirie derivatives have also 
been recommended as uric acid eliiniuants. 


G. Laxatives 


Many of the milder natural purgatives, such as cascara, 
senna, aloes, and rhubarb, appear to contain hydroxy deriva- 
tives of anthraquinone (p. 583) as their active constituents, 
and a number of synthetic hydroxy derivatives of anthra- 
quinone have been investigated. Of these the most active 
is anthrapurpurin or the 1:2: 7-trihydroxy derivative; also 
the 1 : 8-dihydroxy (chrysanin). Phenolphthalein is also used 
as a purgative. 

Isacen (III) from isatin, phenol and concentrated sulphuric 
acid, and the product acetylated is a good laxative: 


III 




\nh / 


>co. 


Certain derivatives of aloin, the active principle of aloes, 
have been prepared and used, e.g. the condensation product 
of aloin ^^ith formaldehyde and tribromoaloin and triacetyl- 
aloin. 


H. Skiagraphic Chemicals 


Certain derivatives of 2- and 4-pyTidones are used as intra- 
venous injections for rendering certain tissues, especially 
nerves and arteries, opaque to X-rays, and are of great value in 
X-ray examination of the human body. These are oroselectan 
(1), oroselectan B (II), and perabrodil ^11). 


1 


Na(),CCH,N 



/C(CO,Na):CD 

II Cir3N< “ ^0. 

X!(C 03 Na):CK 


/Ch:cl 

III (OH CHj CH3),NH30 C0 CH3N< >co. 

: cv 


No. II is obtained from chelidonic acid (p. 680) by replacing 
0 by NH, methylating and iodinating. 
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The sodium derivative of tetraiodophenolphthalein (four I 
ortho to two OH) is used for radiological examination of the 
gall bladder. 


1. Synthetic Alkaloids 

1 . ANTIMALARIALS (Henry, J. S. C. I., 1936, HIT.) 

Attention has already (p. 1005) been drawn to the various 
esters of quinine which are used instead of the natural alka- 
loid, as they are free from the bitter taste of the latter. These 
esters are much more expensive than quinine, and are not 
so generally used. The absence of bitter taste is largely due 
to their insolubility, and in the organism they are hydrolysed 
to quinine and the corresponding acid. Euqiiinine is manu- 
factured by the action of ethyl chloroformate, Cl-COgCgHg, on 
quinine. 

Various ethers have also been examined (C. and I., 1937, 
1114). There is first an increase in activity and then a decrease 
as the number of C atoms increases. The esters of quitenine, 
the carboxylic acid obtained by oxidizing the vinyl group of 
quinine, more particularly the n-butyl and n-amyl compounds, 
are efficient antimalarials. 

The synthetic plasmoQuine, 8-diethylamino-tso-amylamino- 
6-methoxyquinoline, i.e. with the NEt 2 {CH 2 ) 3 *CHMe‘NH‘ 
group in position 8, is used as a quinine substitute. The same 
long side chain occurs in atebrin, a 2-chloromethoxy derivative 
of acridine with the long side chain attached to the C atom of 
the central ring ; it is used in the form of the methyl sulphonate 
for treatment of malaria. 

Numerous quinoline derivatives have been examined, viz. 
those containing Me, OH, OMe, OBt, OPr in position 6 and 
•NH(CH 2 )jj-NEt 2 in 8, where n varies from 2 to 11 and the 
compound with *NH(CHa) 3 *NEt 2 is 2*5 times as effective as 
plasmoquine, and replacing NEtg by NHg or NHPr or NHBu 
lessens the activity. 


2. AMCEBACIDES 

The alkaloid emetine from ipecacuanha is the common drug, 
but the synthetic Tadd, 1 : 10-tetra-?i-amyldiaminodecane, 
(C 5 Hii) 2 N‘[CH 2 ]ioN(C 6 Hii)g, is more efficient and only 0*1 as 
toxic as emetine (C. and I., 1937, 793). It is far and away 
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the most effective of the compounds R2N(CHj)nNR« or 
R2N(CH2)^NH2. 


3. SYNTHETIC TROPElNES 

Homatropine (Chap. LVIII, J.), the tropine ester of man- 
delic acid, CeH5*CH(OH) CO*OCgHi4N, is prepared on the 
large scale from its components, and is used as a substitute 
for atropine, as it is less toxic and its mydriatic action develops 
and passes off more readily. 

4. LOCAL ANAESTHETICS 

The simplest local anaesthetics belong to the group of amino- 
benzoic esters. New orthoform is methyl 3 -amino- 4 -hydroxy- 
benzoate, 0H*CgH3(NH2)-C02Me, and is prepared from p- 
hydroxybenzoic by esterification, nitration and reduction. 
The jj-hydroxy acid is prepared by Kolbe's synthetical 
method at 200 ®- 220 ® (Chap. XXVI, A 3 ). It paralyses nerve 
endings and can be used as a mild antiseptic for dusting 
wounds. Anesthesin, ethyl p-aminobenzoate, has only a mild 
action; its salt with j?-phenol 8 ulphonic acid is used for hypo- 
dermic injections under the name subcutin, Nirvanine is the 
dimethyl-glycyl derivate of melhyl 2 -hydroxy- 5 -aminoben- 
zoate, NMe2 CH2*C0 NH CgH3{0H)*C02Me. 

Butesin is n-butyl jo-aminobenzoate. Butyn is the sulphate 
of n- 3 -dibutylaminoethyl |?-aminobenzoate, NHa-CeH 4 -C 0 * 
O CH2 CHa CH2 N(C4H9)a, and spinocain is C4H9NH C4H4- 
CO'O'CHa'CHj'NMeg, j 8 -dimethyIaminoethyl butylaminoben- 
zoate. Novocaine, the hydrochloride of diethylaminoethyl 
p-aminobenzoate, NHa*C4H4-C0'0*CH2’CH2*NEt2,HCl, is a 
common local anaesthetic, as it is non-irritant and only about 
one-seventh as toxic as cocaine. The following synthetic 
methods are used for its preparation: 

1 . Condensation of jo-nitrobenzoyl chloride with ethylene 
chlorhydrin, heating the product with diethylamine at 100 °- 
120 °, and reducing the nitro group by means of tin and hydro- 
chloric acid: 

N02 CeH4 C0a N0, C4H* C0 0 CH. CH,C1 

NO, C,H4 CO O CH8 CH, NEt, 

NHj CeH^ CO O CH^ CHa-NEt*. 

2 . Ethylene chlorhydrin and diethylamine are condensed to 
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form chlorethyldiethylamine, which is then heated with sodium 
^?-aniinobenzoate : 

Cl OHj CH^ OH -> Cl CH. CHa-NEtg 

NHa CeH^ CO O CHa-CH. NEt. 

3. ^>‘Ammobenzoic acid is condensed with ethylene chlor- 
hydrin at 100® in sulphuric acid solution, and the product 
then heated with dicthylamine at 100®-110®, or alternatively 
jS-bromoethyl j9-nitrobenzoate is synthesized from sodium 
p-nitrobenzoate and ethylene bromide, and this is then con- 
densed with diethylamine and the nitro group in the resulting 
product reduced. 

By lengthening the chain of the ester group the anaestlietic 
properties are augmented, but so also are the toxic properties. 
Tutocaine with the ester group, -CO-O'CHMe-CHMe-CHg'NMeg, 
is almost twice as toxic as novocaine. Pantocaine, jS-dimethyl- 
aminoethyl 4 -butylamino- benzoate, CH 3 (CH 2 ) 8 *NH*CeH 4 -CO* 
O'CHg-CHg-NMcj, is 10 times as effective as novocaine. 

Stovaine, methyl-ethyl-dimethylaminomethyl-carbinyl ben- 
zoate, C4H5*C0*0-CMeEt*CH2-NMe2, HCl, is a well-known 
anaBsthetic, and is a representative of the group of compounds 
known as alkamine esters, which contain the grouping 
R*C0’0*C-C*NR. It is synthesized by the action of mag- 
nesium ethyl bromide on dimethyl-amino-acetone and ben- 
zoylation of the product 

CH. OO CH. NMe, OH CMeEt CHa NMe,. 


Alypine is the corresponding tetramethyldiamino-di-methyl- 
ethyl-carbinyl benzoate, C 8 H 5 *C 0 * 0 -CEt(CH 2 NMe.»)^. 

.NC(.H;-OEt 

Holocaine, the hydrochloride of , is 

^NH-CeH^-OEt 

used in ophthalmic surgery, and is manufactured by con- 
densing phenetidine (p. 481) with its acetyl derivative phen- 
aoetine: 


CH,C 


H,lNC,H 40 Et 
0 NH C,H4 0Et 


-► CH, 


^NCtH^'OEt 

®\NHC,H,OEt. 


It is sparingly soluble, and its solutions keep well, but it has 
toxic properties. 

jS-Bmaiiie, benzoylvinyl-diacetone-alkamine hydrochloride, 
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NR/ ^CH OCOCeHs (Harries, B., 1896, 2730; 

^CHMeCH/' 

A., 1897, 294, 372; 296, 328; 1898, 299, 346), it can be 
synthesized by the following series of reactions: Acetone 
and ammonia yield diacetonamine (p. 159), which condenses 
with aldehyde, yielding the cyclic 2:2: 6-trimethyl-4-keto- 
piperidine; this can be reduced to the corresponding secondary 
alcohol by sodium amalgam, and then benzoylated: 

UMevCH., CMeoOH., 

NH/ ' “ >CO -> Ml “ ;>CO 

CH, ' " CHMo CHg " 

NH( >CH0H 

X’HMeCll., ^ 

NH N:h o co c,Hj. 

rUMeCHa 

Certain aromatic ethers are also used as local anaesthetics. 
Acoin, OMe*CeH 4 -N:C(NH*CgH 4 ‘OMe) 2 , is a guanidine deri- 
vative (Chap. XIII, E.) and is formed from CSg, and anisidine 
followed by the action of PbO and more anisidine. The 
analogous diocaine is a diallyl ether, 

CH, : CHCH,OC«H,NH OMe .* NCeH^OCH^CH : CH,. 

Percaine, which is 10 times as active at cocaine and can be 
used in combination with adrenaline, is a quinoline derivative, 
viz. 2-butoxy-quinoline-4-carboxamide with the jS-diethyl- 
aminoethyl group attached to NH. 

CO NH CH 2 CHa-NEt,, HCl 


OC4H, 

It is synthesized as follows: 2-quinolone-4-carboxylic acid, 
obtained by heating isatin and malonic acid with fused sodium 
acetate, is converted into the acid chloride of 2-chloroquinoline- 
4-carboxylic acid, which with bromoethylamine gives a side 
chain -CO-NH-CHg-CHg-Br. By the action of NHEtg the 
chain ‘CO-NH’CHg-CHg-NEtg is formed, and then by treating 
with sodium w-butyl oxide the d at 2 is replaced by OC 4 Hg. 
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J. Insecticides 


Botenone (Chem. Rev., 1933, 81) 



is one of the principles of derris root (Derris elliptica) and also 
of Lonchocarpus nicou, the former of which is largely used 
as an insecticide and as a fish poison. Dihydrorotenone formed 
by addition of 2H to the benzfuran ring is more stable than 
roienone and has greater insectidal activity. 

Other active components are: 

(1) Deguelin, similar to rotenone, but with ring 5 in form 
of a pyraue ring. 



(2) Toxicarol (hydroxydeguelin) with OH in ring 4 para to CHo. 
Pyrethrum {Chrysanthemum cmeraricefoUum) is a common 
insecticide and contains the active principles pyrethrin I and 
pyrethrin II {Standifi^ger and Ruzickuy Helv., 1924, 177; La 
Forge and Haller, J. A. C. S., 1936, 1061, 1777). 


Pyrethrin I 


CMe,:CHOH 


CILCMe. 


•OH V I >cch: 

I XHCOO-CH—CO'' 

CiMe/ 


\cCH:CHCH:0HMe. 


Pyrethrin II 

CH^CMe. 

MoOjC-CMe : CH CH I >C CH : OH OH : CHMp. 

ycHcoocu—co^ 

CMe./ 

They are esters of the cyclic hydroxy ketone, Pyrethlone, 

CH^-CMe. 

>C-CH:CH-CH:CHMe (a leevorotatory oil, 


HO 
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b.-pt. lll®~112°/0*05 mm.), with chrysanthemum mono- and 
di-carboxylic acids. The monobasic acid is an oil, b.-pt. 
135® /1 2 mm. and volatile with steam, and the dibasic acid 
a solid, m.-pt. 164® and non-volatile with steam. 

Nicotine (Chap. LVIII, B.) is the commonest insecticide, 
and the r-compound is less active than the 1 . Dipyridyl, 
piperidylpyridine, and dipiperidine are also toxic to insects. 

Esters of thiocyanic acid also have high toxicity, e.g. lauryl 
thiocyanate. Allyl thiocarbamide is a powerful insecticide, 
also trimethylene dithiocyanate, CNS-CHg-CHa-CHg-CNS, and 
phenyl-y-thiocyano-popyl ether, OPh-CHg-CHg-CHa-CNS. In 
the group of alkyl thiocyanates a rise in toxic value is observed 
as the number of carbons increases to 12 and then begins to 
fall as the number increases. 


K. Constitution and Physiological Activity 


The production of a large number of new synthetic drugs 
has led to the study of the relationship between chemical 
constitution and physiological action or therapeutic efiect. 
Numerous generalizations have been drawn, but, as a rule, 
these only hold within very narrow limits (cf . previous sections), 
and it may be stated that, on the whole, the relationships 
between chemical constitution and physiological activity still 
remain obscure. 

A large number of derivatives of quinine (Chap. LVIII, C.) 
have been prepared, and their activity as antimalarials studied 
(Chem. Rev., 1942, 49). 

The quinine skeleton is represented as 



In both quinine and quinidine R == OCHj,; in cinchonine 
and cinchonidine R = H, and in cupreine R « OH. In all 
five R' - -CHrCHa 

In the hydro-bases the vinyl becomes ethyl, and in alkyl 
cupreins OH becomes OAlk. There are four centres of dissjin- 
metry in the molecule, viz. 3, 4, 8 and 9, and hence numerous 
stereoisomerides are possible. The chief products have been 
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obtained by hydrogenating the vinyl group or by introducing 
various alkyloxy groups in place of the OMe at 7'. Dihydro- 
quinine is physiologically more active than quinine and ethyl- 
idene in place of vinyl increases the activity. An increase in the 
number of C atoms in the alkyl group first raises the activity 
but afterwards diminishes it. The •CH(OH)' group at 9 appears 
to be indispensable as when this becomes -CHCb, CHg, -CO* or 
*CH(OAc), the activity disappears. Epimerization at No. 9 
also produces a less active product. The oxidation product, 
quinetine (carboxylic acid COgH in place of vinyl), is physio- 
logically inactive, whereas its esters show activity. 

The introduction of a sulphonic acid group into the mole- 
cule of a physiologically active substance usually reduces the 
activity; thus the sodium salts of phenolsulphonic acid and 
morphine-aulphonic acid are devoid of the activity character- 
istic of the parent substances. A carboxyl group has much 
the same efiect, but if the carboxyl group is esterified the 
product frequently regains its toxic properties. The acetyl 
group often produces a diminution in toxic properties, as 
shown by a comparison of aniline and acetanilide. 

An increase in toxicity and physiological activity is fre- 
quently produced by reducing a cyclic system containing 
nitrogen, as shown by a comparison of pyrrole, pyridine, and 
j8-naphthylamine with pyrrolidine, piperidine, and tetrahydro- 
jS-naphthylamine, 

Nearly all amines, including alkaloids, when converted into 
quaternary ammonium salts lose their characteristic physio- 
logical effects, and become strong paralysers of motor nerve 
endings. Similar physiological effects are produced by phos- 
phonium, arsonium, and sulphonium salts. An increase in 
the number of olefine linkings frequently produces marked 
physiological effects. This is shown by a comparison of ally! 
with propyl alcohol and of carvone with the saturated ana- 
logue menthone. In both cases the unsaturated compound 
has greater physiological activity. 

The introduction of hydroxyl groups into the benzene ring 
increases the activity, whereas in the aliphatic series the 
introduction of such groups diminishes activity, as shown by 
a comparison of the inert sugars with the toxic simple alde- 
hydes. 

The alphyl nitrites tend to produce a dilatation of the 
blood-vessels or to lower the blood pressure. This property 

( B 480 ) 39 • 
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ivS most marked with amyl nitrite and least with the methyl 
compound. A similar property is characteristic of certain 
nitrates, particularly glyceryl trinitrate and erythryl tetra- 
nitrate, which are largely used in medicine. The aliphatic 
nitro-compounds, which are isomeric with the nitrites, are 
strong poisons and do not reduce blood pressure. 

Optical isomerides do not necessarily possess the same 
degree of physiological activity; thus atropine is intermediate 
in activity between the d- and i-hyoscyamines, which exhibit 
markedly different properties; Z-nicotine is twice as poisonous 
as (Z-nicotine, and the two asparagines (p. 284) have different 
tastes. 

The fate of drugs in the organism has received much atten- 
tion. As a rule substances which are extremely readily de- 
composed, or substances which pass through the system 
quite unaltered, are of little value as drugs. The main changes 
which occur in the organism are (a) hydrolysis, (6) oxidation, 
(c) reduction. Hydrolysis can be due to the slightly acid 
stomach juices containing pepsin, or, in the case of esters, 
to the slightly alkaline juices of the small intestine, which 
contain the pancreatic enzyme lipase. One of the objects 
of synthesizing new products is to obtain substances which 
can pass the stomach without undergoing hydrolysis, but 
which are readily hydrolysed in the small intestine, yielding 
products which can then exert tlieir specific action. 

Oxidation frequently takes place, more particularly in the 
tissues or blood. Many aliphatic compounds are oxidized to 
carbon dioxide, water, and urea; others to acids. Many 
aliphatic compounds containing methyl groups or halogen are 
not readily oxidized. With aromatic compounds containing 
side chains the side chain is usually oxidized, but the benzene 
ring left intact. Compounds of the type CgH5-CH2-CH(NH2)* 
CO2H are completely oxidized. Another type of oxidation 
is the formation of phenolic hydroxy groups, e.g. aniline yields 
p-aminophenol. Reduction also takes place in the blood and 
tissues, but is not so common as oxidation. Nitrobenzalde- 
hydes can give rise to aminobenzoic acids and picric acid to 
dinitroamino-phenol. 

As a rule the primary products of change, if they are toxic, 
are not excreted as such, but in the form of compounds with 
sulphuric acid or glycuronic acid, CH0*{CH*0H)4'C02H. Thus 
phenol always forms sodium phenyl sulphate, 802(0Na)0Ph, 
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a non-toxic substance. Salicylic and benzoic acids are partly 
eliminated in the form of derivatives with glycine, i.e. in the 
form of compounds of the hippuric acid type. 


LXVI. ORGANIC DERIVATIVES OF ARSENIC 

In studying the various groups of carbon com])oun(lH, atten- 
tion has already (pp. 97, 131, 132) been <lrawn to the fact 
that elements belonging to the same group in the periodic 
classification tend to give rise to similar types of organic 
derivatives. 

Nitrogen, phosphorus, and arsenic belong to the same group, 
and hence the derivatives of arsenic should resemble those of 
nitrogen. Attention has already been drawn to such resem- 
blances in the case of the arsines and arsonium compounds. 
The compound pentamethylarsine, AsMe^, was described by 
Cahourfi in 1802 as an oily liquid, and it is only recently that 
analogous nitrogen compounds have been prepared by Schlenk 
and Holtz (Ber., 1916, 49 , 605; 1917, 50 , 274); for example, 
benzyltetramethyl-ammonium, NMe^ CHg CgHg (cf. p. 442). 

The chief groups of nitrogen compounds may be tabulated 
as follows: 

(a) Amines and alkylated ammonium salts. 

(b) Nitroso- and nitro*derivative8. 

(c) Azo- and diazo-compounds, 

(d) Nitriles and acid amides. 

(e) Cyclic compounds with the nitrogen atom forming 

part of the ring. 

So far arsenic derivatives corresponding with nitriles and 
acid amides have not been isolated. 

The arsine oxides are analogous to the nitroso-compounda, 
e.g. phenylarsine oxide, CgH 5 *Aa: 0 , to nitrosobenzene, and 
p-hydroxyphenyl-arsine oxide, OlT C^IIpAsO, to p-nitroso- 
phenol. 

The arseno-compounda are analogous to the azo-com- 
pounds, 

c,h,A8 : A8C«h„ (\h,n : nVsE,, 

Arscnobenzenc Azobenzene 
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and are at the present time compounds of commercial impor- 
tance, as some of their derivatives find use as drugs (see 
Salvarsan). Aliphatic arseno-compounds of the typo of arseno- 
ethane, CgH^As : AsC^Hg {Au^er, C. R., 1904, 138, 1705), have 
also been prepared. 

Arseno- methane, however, is {AsMe) 5 , a ring of 5 As atoms 
with a methyl group attached to each. 

A. Arylarsonic Acids 

.0 

The arylarsonic acids, R*As^ , comprise a group of 

N0H)o 

great technical importance, as some of the substituted arsonic 
acids give rise to derivatives which possess considerable thera- 
peutic value. Phenylarsonic acid, CgHg-As( 0 H) 2 : 0 , may be 
regarded as the hydrate of the arsenic analogue of nitro- 
benzene, and, when it is warmed, water is eliminated and the 
yO 

anhydride, RAs^ , is formed. The main difference between 

the nitrogen and arsenic compounds is that in the nitrogen 
series the anhydridcvS, R*N 02 , are the stable compounds, the 
hydrates being unknown, whereas in the arsenic series the 
hydrates, R-AsO(OH) 2 , are the important compounds. 

The arylarsonic acids are well-defined crystalline substances, 
and in the majority of them the arsonic acid group is firmly 
attached to the benzene ring, so that the compounds may be 
used in a variety of different ways for synthetic purposes 
(Ehrlich), When reduced they can yield arsine oxides, RAsrO, 
arseno-compounds, RAs: AsR, or even primary arsines, RAsHj, 
and thus resemble the nitro-compounds. They possess dis- 
tinct acidic properties, yield soluble alkali salts and insoluble 
salts of heavy metals, but do not give precipitates with mag- 
nesia mixture in the cold; when heated, however, insoluble 
magnesium salts free from ammonia are formed. 

A common synthesis of arsonic acids is by the action of 
arsenious acid or its salts on diazonium salts: 

R-N,X + As(OH), R-AbO(OH), + N, 4- HX. 

The best yields are obtained when the salt K 2 HASO 3 is used 
(Schmidt, A., 1920, 421, 159). 
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Another method of formation is by the combined action of 
chlorine and water on chloroarsines (p. 135) (B., 1894, 265) : 

+ Cl, -f 3H,0 CeH, A80(0H), 4- 4HC1. 

A convenient method for preparing j>henylarsonic acid itself 
is by the elimination of the amino-group from p-amino-phenyl- 
arsonic acid {Bertheiw, B., 1908, 1855). 

The esters of the arsonic acids can be prepared from the 
silver salts and alkyl iodides, and are disagreeably smelling 
liquids, which are readily hydrolysed when brought into con- 
tact with water. 

The anhydride, CgH^AsOg, obtained by dehydrating the 
corresponding acid at 140®, is a white amorjdious powder; 
does not absorb moisture from the air, but dissolves in water 
yielding the acid. 

Amino-derivatives of arylarsonic acids can be obtained by 
direct synthesis, namely, by heating a primary arylamine 
with arsenic acid: 

CeH.'NH, + 0:A8(0H)3 - NIVCeH4-A80(0H), -f H,0. 

In this reaction the •ASO 3 H 2 group always occupies the 
para-position with respect to the amino group, unless this 
position is already filled, when it takes up the ortho-position. 
A meta-amino -compound can be prepared by nitrating the 
unsubstituted arsonic acid and reducing the m-nitro acid by 
means of sodium amalgam and methyl alcohol ; if other reduc- 
ing agents are employed the arsonic acid group also is reduced. 

jo-Axninophexiylarsoidc acid, NHgC^jH^-AsOgH^, is formed 
when aniline arsenate is heated. The process is usually termed 
arsenating — analogous to sulphonating — and the product is 
known as arsanilic acid (Ehrlich and Bertheim, B,, 1907, 3292: 
Benda, 1908, 1674; 1909, 3621; Kober and Davis, J. A. C. S., 
1919, 451). The reaction proceeds best at a temperature 
of 160®~185® and in the presence of an excess of aniline 
(3 mols. : 2 mols. acid), but under no conditions is the yield a 
theoretical one. The arsenic acid appears to have an oxidizing 
action on the aniline, and red and black products are formed. 
A diamino^phenylarsonic acid, 0:As(CeH4'NH2)2*0H, is also 
formed as* a by-product. 

The amino group in these compounds is reactive and can be 
diazotized with the greatest readiness, and the diazo com- 
pounds so formed show the reactions characteristic of aromatic 
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diazoniiim salts, including the formation of azo-dyes. The 
•AsO(OH )2 group is, on the whole, firmly united to the 
benzene ring, but can be readily replaced by iodine when the 
anaino acid is warmed with potassium iodide and dilute sul- 
phuric acid; in a similar manner arsanilic acid with bromine 
water yields s-tribromoaniline, a reaction analogous to that 
between sulphanilic acid and bromine water. The replace- 
ment of the arsonic acid residue by iodine is frequently used 
for determining the relative positions of the substituents 
in aminoarylarsonic acids, e.g. o-arsanilic acid yields ortho- 
iodoaniline.* Free TJ-arsanihc acid is sparingly soluble in 
water or alcohol, but as an amphoteric substance dissolves 
readily in dilute mineral acids or alkalis. The mono-sodium 
salt was introduced into medicine in 1902 under the name of 
Atoxyl, and w^as the first aryl derivative of arsenic to find 
a therapeutic use; the well-defined crystalline salt, Nlig* 
CeH 4 -AsO(OH)(ONa), fiHgO, is the drug Soamin. The 
stability of arsanilic acid towards sodium hydroxide solution 
at 100^-130° is interesting. With 1*5 mols. of alkali to one of 
the acid the solution is quite stable, and no hydi*olysing action 
occurs; the maximum hydrolysis takes place when the ratio 
is 0*8 : L The replacement of the hydrogen atom of the second 
hydroxyl group thus has a stabilizing efiect, and a similar 
result is obtained by acyluting the amino group; the con- 
clusion is drawn that the cause of instability is due to some 
interaction between the amino group and the second hydroxyl 
group (Schmitz, B., 1914, 363). For several years atoxyl was 
used in the form of intravenous injections in cases of ansemia, 
syphilis, elephantiasis, malaria, and other protozoal disoa.ses, 
but it is highly toxic and affects the eyes and kidneys, and as 
its effects are cumulative it has been replaced by the less 
dangerous derivatives of tervalent arsenic of the salvarsan 
type (this Chap., B.). 

Halogenated arsanilic acids can be obtained by the action of 
halogens in the absence of water, the halogen taking up the 
ortho-position relative to the amino group. The mononitro 
derivative, 3-nitro-4-aminophenylarsonic acid, is best pre- 
pared by nitrating the oxalyl or urethane derivative, HjOgAs* 
CeH^-NH CO COaH or H 203 As CeH 4 NH CO*OEt, and when 
reduced with alkaline hydrosulphite yields the o-diamine, 

* Amino acids in which the amino group is in the meta>p 08 ition relative 
to the arsonic acid group are not decomposed by halogens or hydriodic acid* 
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3 : 4-(liamiTiophenylarsonic acid, which gives most of the 
reactions characteristic of o-diamines (p. 442). 

As an amine atoxyl gives rise to a series of acyl derivatives, 
two of which are monodcetylatoxyl (arsacetin), NHAc-CeH^- 
A80(0n)(0Na), SHjO, and sodium.- 4 :-benzenesulphonyl-l- 
amino - phenylarsonaie (pectine), S02Ph • NH • CgH 4 • AsO(OH) 
(ONa). Both of these were used at one time in medicine — ^as 
they are less toxic and more stable; for example, their solutions 
can be sterilized by boiling without undergoing decomposi- 
tion — but have now been discarded. 

With aldehydes arsanilic acid yields benzylidene and analo- 
gous derivatives, e.g. OH*CeH4‘CH:N*C6H4*AsO(OH)2, which 
are usually coloured and amphoteric in character. 

Numerous hydroxy derivatives of arylarsonic acids are 
known. ja-Hydroxyphenylarsonic acid, OH C6H4-AsO(OH)2, 
obtained by heating phenol with arsenic acid (H3ASO4) at 150"^ 
(Conanty J, A. C. S., 1919, 431), or by diazotizing p-arsanilic 
acid and warming the solution, forms a crystalline mass readily 
soluble in water or alcohol. 

Spirocid, acetarsol or stovarsol, OH C6H3(NHAc)As03H2, 
(1:2:4) is used for syphilis, and also its salt with OH'C2H4* 
NHgj known as salvarsin. These compounds are nomcolloidal, 
diffuse readily in the organism, and can be administered per os 
They are sometimes used in conjunction with emetine for 
amoebic dysentery. 

Compounds obt-ained by condensing 2>'aimno-phenylarsomc 
acid with amides, ureides or anilides of halogenated fatty acids 
are also valuable agents in treating trypanosomal and spiro- 
cha tal infections, e.g. carbarsone, p-H203As-C6H4-NH'C0‘NH2, 
is less toxic than stovarsol and is one of the best agents 
against amoeb©. 

Members of the two groups of amido-compounds I, 
H203AsCcH4CH2C0NRTr', and II, ;?-H203AsCeH4-NH‘ 
CO*(CH2)n*CO'NR'R'', have been examined. The general 
conclusions are: (a) compounds of group I exhibit both try- 
panocidal and toxic properties; (6) sodium salts of type II 
are the least toxic of all known arsenicals. Their activity 
to the trypanosomes of sleeping sickness varies with the 
value of n increasing from n =* 1 to n — 5, and then decreas- 
ing. When n — 0 (oxalyl series) the compound is highly 
toxic. NeoacryU sodium succinanilomethylamide-p-arsonate, 
Na,03As CeH4*NH-C0'CH2'CH2-C0 NHMe, is more active than 
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tryparsaniide and can also be used against syphilis (J. C, S., 
1931, 615; C. and I., 1937, 853). 

Tryparsamide, sodium N - pheny Igly cineamide - 'p - arsonate , 
p-H 203 As*C 6 H 4 *NH*CH 2 *C 0 *NH 2 , from jp-arsanilic acid and 
ethyl chloroacetate and subsequent treatment with ammonia, 
is also used for treatment of both diseases. A compound as 
good as or superior to tryparsaniide is orsanine, OII-C^Hg 
(As03H2) NHAc [As:OH:NHAc = 1:2:4:]. 

B. Arsenobenzene Derivatives 

As already pointed out, the arseno-derivatives are the arsenic 
analogues of the azo-compounds, and they can be synthesized 
by a process analogous to the one described for the azo- 
compounds (No. 5, Chap. XXII, C3), namely, by condensing 
a primary arsine with an arsine oxide: 

R AsH, -f R AbO-^R As.’As R -f H^O. 

The usual method of preparing arseno-compounds of com- 
mercial importance is by the reduction of arylarsonic acids, a 
reaction similar to the formation of azobenzene by the reduc- 
tion of nitrobenzene. 

In the case of nitro-compounds the actual product obtained 
depends upon the reducing ag<mt used and the conditions of 
reduction (pp. 457, 714, 726), A similar statement holds good 
for the arylarsonic acids. Metals and concentrated acids 
give rise to primary arsines; mild reducing agents, such as 
sulphurous acid with a little hydriodic acid, phenylhydrazine 
or phosphorus trichloride give rise to phenylarsine oxides; 
whereas sodium hydrosulphite reduces the arsonic acids to 
arseno-compounds . 

The study of the action of reducing agents on compounds 
containing both nitro and arsonic acid groups has led to some 
interesting generalizations, 

1. Sulphurous acid with hydriodic acid as catalyst, phenyl 
hydrazine, thionyl chloride or phosphorus trichloride give 
amino-arsine oxides, e.g. NH 2 *CgH 4 ' As : 0. 

2. A metal and strong acid, or electrolytic reduction, 
especially in the presence of methyl or ethyl alcohol, tends to 
give rise to amino primary arsines, NH 2 *CgH 4 *A 8 H 2 . 

3. Ferrous hydroxide, or the theoretical amount of sodium 
amalgam, reduces the nitro group but leaves the arsonic acid 
group intact. 
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4 , Phosphorous and hypophosphorous acids reduce the 
arsenical group but leave the nitro group intact, and give as 
products nitro-arylarseno compounds, NOg’CgH^'As: As*CgH 4 * 
NOg, and the same result can be effected by stannous chloride 
activated by hydriodic acid. 

5. Sodium hydrosulphite reduces the nitro to an amino 
group, and the arsonic acid radical to the arseno group, giving 
rise to the compound NH 2 ‘CgH 4 *As: As*CeH 4 *NH 2 . 

The arseno group, -As: As*, unlike the azo group, -NiN*, 
has but feeble chromophoric effect, and the arseno derivatives 
are, as a rule, pale yellow in colour. 

Arsenohenzene, CgHg-AsrAs CgHg, crystallizes in yellow 
needles, melts at 196°, and when strongly heated yields tri- 
phenylarsine and arsenic: 

3PhAs ! AflPh -► 2AflPhj| -f Asi. 

It is decomposed by chlorine yielding C^HgAsClg, by sulphur 
yielding C^HgAsS, and by oxidizing agents yielding phenyh 
arsonic acid, but with iodine it forms an extremely unstable 
additive compound, CgllgAsI-AsICelig, in the form of yellow 
crystals. 

Numerous substituted derivatives of arsenobenzene are 
known, those containing hydroxy and amino, or substituted 
amino, groups being of greatest technical importance. Charac- 
teristic of these compounds is the readiness with which a 
mixture of two symmetrical arseno-compounds is transformed 
into an unsymmetrical derivative (Karrer, B., 1916, 1648) 
by heating to about 80° in the presence of water, e.g.: 

RAb I AsR + R'As I AsR' 2RA8 AsR'. 

Derivatives of arsenobenzene have completely replaced the 
earlier quinquevalent arsenic compounds used in the treatment 
of protozoal diseases. They are not only more effective as 
destroyers of trypanosomes, but are much less toxic, and the 
possibility of injurious effects on the human body is reduced to 
a minimum. They are, however, not so effective as compounds 
of quinquevalent As in cases of syphilis of the nervous system. 

The earliest derivative of therapeutic value was Salvarsan, 
3 -diamino A ; i'-dihydroxyarsembenzene hydrochloride, known 
also as SHiarsivaii, Ar^henamine, or '' 606 

• It is stated that this compound was termed 606 ** by Ehrlich, as it 
was the 606th arsenic compound prepared by him in his attempts to obtain 
effective remedies for protozoal diseases, 



1202 LX VI. ORGANIC DERIVATIVES OF ARSENIC 


The starting-point for the preparation of salvarsan is 
p-arsanilic acid. This is diazotized in sulphuric acid solution, 
and the solution of the diazonium salt heated at 70°; the 
resulting p-hydroxyphenylarsonic acid nitrated with a mixture 
of nitric and sulphuric acids yields S^nitroA-hydroxyphenyl- 
arsonic acid, 0H*CeH3(N02)-A80(0H)2 (B., 1911, 3445), the 
constitution of which follows from the fact that it can be 
obtained by the diazo-reaction from o-nitro-p-aminophenoL 
When the nitro-hydroxy acid is reduced with sodium hydro- 
sulphite at 55°"60° in the presence of magnesium chloride 
solution, care being taken that the mixture is well stirred, a 
microcrystalline, yellow precipitate of the diaminodihydroxy- 
arsenobenzene is formed. 

Salvarsan is made by dissolving the precipitate in methyl 
alcohol and adding the requisite amount of methyl alcoholic 
solution of hydrogen chloride. The commercial product con- 
taining one molecule of methyl alcohol forms a bulky yellow 
crystalline powder soluble in most solvents with the exception 
of acetone, ether or glacial acetic acid. A pure dihydro- 
chloride free from methyl alcohol is colourless {Kober, J. A. 
C. S., 1919, 442). Like most derivatives of arsenobenzene, 
salvarsan is readily oxidized in contact with the air, yielding 
3-aminoA-hydroxyphenylarsine oxide, which is twenty times 
as toidc as salvarsan. Iodine or hydrogen peroxide oxidizes 
salvarsan to the corresponding arsonic acid. Derivatives of 
salvarsan in which the hydrogen atoms of the hydroxyl groups 
have been replaced by metallic radicals such as sodium or 
copper are of therapeutic use. 

The following is an alternative method for preparing sal- 
varsan: 

C*Hj NMe, p NMe* C,H* A8CI, NMej CeH, AsO 

AsCl, NaOH 

NOj 

NM»',-C,H, AgO(OH), NMe,/ ^AhO(OH), 

H,0, HNO, N / 

NO, 

\a 80(0H), Salvarsan. 

hot N reduced 

KOH 

Numerous alkylated, chloro and nitro derivatives of salvar- 
san have been prepared, also arsenobenzenes containing as 
many as six amino groups in the molecule. 
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One of the chief objections to the use of salvarsan is that 
its aqueous solutions are distinctly acidic and have to be 
exactly neutralized with alkali just before intravenous in- 
jection. 

The substance Neosalvarsan, known also as Neokharsivan or 
Neoarsphenamine, is free from this defect; it is the sodium 
salt of an N-methylsulphinic acid derived from salvarsan base, 
and is represented by the structural formula: 

NH, NllCHjOSONa 

H(>/^ ^As : A8(/ ^oh , 

sodium 3 : -dihydroxyarsenobenzene-N -methylene- 
sulphjoxylatey and its aqueous solutions are neutral. Neosalvar- 
san can be prepared by the action of sodium formaldehyde 
sulphoxylate on salvarsan, precipitating the free acid, dis- 
solving the acid in dilute caustic soda solution, and precipi- 
tating the sodium salt by pouring into alcohol. The con- 
densation appears to be facilitated by working in the presence 
of ethyl alcohol, ethylene glycol, or glycerol. It can also be 
prepared by the action of a warm aqueous solution of sodium 
formaldehyde sulphoxylate (2 pt.)on sodium 3-nitro-4-hydroxy- 
benzene-arsonate, or by the action of the same reagent on 
3 : 3'“dinitro-4 : 4'-dihydroxyar8enobenzene. 

Closely related compounds are Sulpharsphenamine or 
Snlpharsenol with -CHj-O-SONa attached to each N, and also 
to the 0 of OH {Dyke and King, J. C, 8., 1933, 1003). This 
can be administered intramuscularly, but a solution must be 
freshly prepared in sterile water. Compounds which yield 
stable solutions are (a) Stabilarsan, salvarsan-di-N-glucoside, 
and (6) Solosalvarsan, sodium 3 : 4'-diacetamino-4-hydroxy- 
ar8enobenzene-2'-glycollate. All these compounds contain 
the 3-aminO“4'hydroxybenzene residue common to most 
arsenical anti8yq)liilitic8. 

Two compounds of the neosalvarsan type which have also 
been used are: (a) Oalyl, the sodium salt of 4 : i'-dihydrozy- 
arsenobemene-3 : y-phosphamic acid : 

HN -NH 

/ \ 

HO< ^ ^ Ab : A»-^ ^OH, 
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and (b) Ludjrl, the sodium salt of benzene -m -'d : -dhulfhamim- 
bisS-aminoA : -dihydroxy arsemhenzene: 

011CeH3(NH2)- As : A 8 CeH 8 ( 0 H)NHS 03 (JeH,- 

S02-NH C«H,(0H)- As : A8 C«H3(()1T)NH2. 

The former compound is made by condensing 3-amino-4- 
hydroxy-phenylarsonic acid with phosphorus oxychloride in 
the presence of aqueous sodium hydroxide solution, and 
reducing the condensation product with sodium hydrosulphite; 
and the latter by the condensation of salvarsari with benzene- 
W“disulphonic chloride by the ordinary Schoiien-Baumann 
method. Both compounds are only slightly toxic, have ener- 
getic spirillicidal action and produce no serious after-effects. 

Pyridine analogues of neosalvarsan, i.e. with pyridyl 
groups in place of phenyl, are of value. One of these is 2- 
pyndone-5-arseno-3'-aniino-4'-hydroxybeiizene, 

fl .cii:cH. e 

OC< >0A8 : A8*CeH3(NH,)0H. 

\NHCH 

1 

The starting-point for such coifipounds is 2-j>yndone-f>-afsonic. 
acid, the sodium salt of which is the least toxic of all known 
arsenical drugs, e.g. 124 parts are comparable with 1 of try- 
parsamide, and it is largely used. Its isomers and substituted 
derivatives are also valuable, 

Arsenobenzene and its derivatives form co-ordinated addi- 
tive compounds with numerous salts of heavy metals, such as 
copper, silver, gold, mercury, and the platinum metals, e.g. 
RAs:.4^R, MeX, and RAsiAsR, 2MeX {Ehrlich, B., 1915, 
1634). 

One of these compounds has been used medicinally, namely 
luargoly or 3:3'- diamino -4:4'- dihydroxy - arsenobenzene - 
silver - bromide - antimonyl - sulphate [C22Hi202N2As2]2, AgBr, 
Sb0(H2804)2, an additive compound of salvarsan base with 
silver bromide and antimonyl sulphate. It is neutralized with 
caustic soda previous to injection, and is stated to be ten 
times as active as salvarsan in cases of sleeping sickness. 

Numerous derivatives of stibinoarsenobenzene, CgEgSb: 
AsCgHg, have been prepared, e.g. the 4 : 4'-dihydroxy derivative, 
OH-C^H4Sb: AsC^H 4*0H, is obtained by reducing a mixture 
of sodium p-hydroxyphenylarsonate and p-hyi:oxyphenyl- 
stibonate, OH‘C4H4 SbO(ONa)2, with sodium hydrosulphite, 
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and forms a brownish-black powder insoluble in water. Of 
this type of compound ^-aminoA-hydroxyarseno-i' -acetylamino- 
stibinohenzene hydrochloride, HCl, NH 2 *C<jH 3 (OH)As:SbC^H 4 - 
NHAc, gives the best therapeutic results. 

The antimony analogues of atoxyl and salvarsan are also 
known, and can be prepared by the following series of re- 
actions : 

5)-NHAoC«H 4NH2 NHAcC4H4N*a 
HNO, 

NHAcCeU4SbO(OH)4 NHaC4H4SbO(OH)„ 

with SbC'l, hydrolysis 

and alkali 

stibanilic acid, the antimony analogue of atoxl. The product 
of these with urea, viz. ureastibamine, is largely used in India. 
The antimony analogue of salvarsan is obtained as follows: 

NHAcC4H4SbO(OH), -j. NHAcC 4 H 8 (N 04 )SbO(OH), 

nitrated 

OHC,H3{NO2)Sb0(0H)* 

hydrolysed 

. (>H{NH,)C4H3Sb : SbCVH3(NH2)OH, 

reduced wirli 
hydrosulphite 

Solphoform, triphenylstibine sulphide, S:SbPh 3 , colourless 
needles melting at 119'^-120°, obtained by passing sulphuretted 
hydrogen cautiously into a solution of triphenylstibine chloride 
in alcoholic ammonia, is used in pharmacy for curing eczema 
and similar skin diseases, 

C, Cyclic Arsenic Compounds 

Derivatives of lO’chloro-b : 10-dihydrophenarsazine (I) 


Cl 



have been prepared by Oibson and others (J. C. S., 1926-29; 
cf. also Wieland and Rheinheimer, A., 1921, 423, 1) using three 
different methods. 



1206 LX VI. ORGANIC DERIVATIVES OF ARSENIC 


(a) The condensation of arsenious chloride with substituted 
diphenylamines in suitable solvents, e.g. 

AsCL 

CH3 C«H,*NH C,H, CH, C3H,< XH,, 

\ NH 


(b) the elimination of hydrogen bromide from o-bromo-o'- 

Cell^Kr 

arnino-diphenylarsonic acid ^AsO(OII), the bromine 

nh,c,ii/ 

forming hydrogen bromide with one hydrogen of the amino-' 

/AsO(OII),^ 

group, when a phenarsazonic acid Cgll 4 <^ is 

^NH / 

formed; (c) the condensation of o-bromo-phenylarsonic acid 
with substituted amines 

C 3 H 4 R NH 3 + Br-CeH4*A80(0H), 0eH4R NH CeH 4 A80(0H)3 

or the condensation of o-aminophenylarsonic acid with substi- 
tuted bromobenzenes 

CeH4RBr f NH3 CeH4-A80(0H), C4H4R NH (’JT4 A8()(OTI)a 

and then ring closure of the product, obtained by either of 
these condensations, by means of hydrochloric acid, sulphur 
dioxide and iodine 

/AsCk 

C 4 H 4 R NH-C 4 H 4 A 80 { 0 H )3 Celljl./ XH*. 

\ NH 


The compounds are interesting as containing an arsenic atom 
as part of a ring, and the parent substance, phenarsazine, is 
represented by formula II. 

These cyclic dihydro compounds yield N acyl, but not N 
alkyl derivatives, and are characterized by the readiness with 
which they form molecular compounds with acetic acid, 
acetone, chlorobenzene, carbon tetrachloride, &o. 

5 : 5''Diamino-l : r-arseno-2 : 2'-Btilbene, 

ch:ch/ 


contains an 8-membered ring consisting of six C and two As 
atonm (ifarrer, B., 1915, 305). The corresponding arsonic 
acid is formed from 6-nitro-2-methyl-phenylarsonic acid by the 
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action of caustic soda and subsequent reduction, and on 
further reduction with hyposulphite yields the ring compound. 
An arsenic analogue of N-methyl piperidine is: 



obtained by condensing dichloromethyl-arsine, AsMeClg, with 
the magnesium derivative of 1 : 5-dichloropentane and distilling 
the product (Bull Soc., 1916 [iv], 19 , 151, 290). It is termed 
1-methylarsepedine, is a colourless liquid, b.-pt. 160°, with a 
strong smell of mustard, and is readily oxidized in contact 
with the air. 

Other compounds with two As atoms in the ring are deri- 
vatives of arsanthrene, viz. I or II, orange rhombic plates, 
m.-pt. 310°-350°. 



The chloride, 


Asa 


\, 


-AsCK 


C,H,. 


melts at 182°- 183°, and 


is formed from phenylarsinophenyl-o-arsonic acid by reduction 
with SO 2 and concentrated hydrochloric acid. The carbazole 
analogue, III, xenylene-2 : 2'-chloroar8ine, is obtained from 


ni 





the o-arsonic acid of diplienyl, CeH 5 ’CeH 4 As 03 H 2 . 
Corresponding antimony compounds are known. 
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LXVII. PROTEINS: BIOCHEMISTRY ♦ 

An extended description of the substances (other than those 
already mentioned) which are found in the animal organism, 
and which are therefore of importance for biochemistry, will 
not be attempted here, since these and the chemical processes 
developed in the living tissues form the subject matter of 
Biochemistry. 


A. Proteins 

The proteins constitute the chief part of the organism, being 
present partly in the colloidal and partly in the solid state; 
they are found in protoplasm and in all the nutritive fluids of 
the body. In the tissues of green plants the proteins are 
synthesized in quite unknown ways from simple substances 
like carbon dioxide, water, ammonium nitrate and sulphate 
(cf. Meldola, J, C. S., 1906, 749). The majority of proteins 
are insoluble in water, but dissolve in dilute saline solutions. 
Their presence in the juices of the animal organism is prob- 
ably due to saline and other substances. In solution they 
are opalescent, Isevo-rotatory, and do not diffuse through parch- 
ment paper, i.e. are colloids; but they are thrown down 
when the solution is warmed, or upon the addition of strong 
mineral acids, of many metallic salts [e.g. copper sulphate, 
basic lead acetate, and mercuric chloride], of alcohol, tannic 
acid, acetic acid together with a little potassium ferrocyanide, 
picric acid, or phosphotungstic acid. They are insoluble in 
alcohol or ether, and their solutions are usually precij)itated 
(“ salted out ”) by the addition of ammonium sulphate, and 
mixtures of different proteins can often be fractionally pre- 
cipitated by gradually increasing the concentration of the 
ammonium sulphate. This concentration is definite for each 
protein, as is also its temperature of coagulation. Proteins 
can also be coagulated by treatment with absolute alcohol or 
with boiling water. After coagulation all proteins become 
insoluble in neutral solvents, but dissolve in alkalis or acids, 

• Jordan Lloyd and Shore, Protein Chemistry, 2nd Edition, London, 1938. 
Schmidt, The Chemistry of Amino Adds and Proteins, Springfield, 1938, 
Holmes, The Metabolism of hiving Tissues, Cambridge, 1987. Plimmer. 
Organic and Biochemistry, 
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yielding metaproteins, which are also formed by boiling the 
uncoagulated protein with acetic acid or alkali. When boiled : 
(a) with nitric acid, they are coloured yellow (the xantho- 
protein reactions); (b) with a solution of mercuric nitrate 
containing nitrous acid (Millon's reagent), red; (c) with caustic 
soda solution and a very little cupric sulphate, violet. 

Some of the proteins have been prepared pure, although 
this is a very difficult operation. 

The different proteins vary only slightly among themselves 
in percentage composition; they contain: 

C 62-7 to 54-6 p,c,; H - 6-9 to 7-3 p,c.; N - 15*4 to 17-6 p.c.; 

0 - 20*9 to 23-6 p.o.; and S « 0-8 to 6 0 p.c. 

A few proteins have been olbtained crystalline, e.g. hemp 
albumin, ovalbumin, serum albumin. Most arc typical col- 
loids and yield colloidal solutions unless broken down. They 
are amphoteric, i.e. capable of yielding complex cations and 
anions, depending on the of the solution. A protein may 
be regarded as a complex attached to an amino and a carboxyl 

4 - 

group, e.g. NH 2 *X*C 0 ^, and can give rise to ions NHg-X-COgH 

and NHj'X'COj. Thus gelatin combines with cations when 
the Ph is above 4-7 and with anions below 4*7. 

Similarly protein particles in alkaline solution in an electric 
field migrate to the anode, but in acid solution to the cathode. 
In a solution of pn ^ 4*7, the isoelectric point, the particles 

show no appreciable movement, probably due to the formation 

^ _ 

of an inner salt NH 3 *X*C 02 or zwitter ion, when the acid and 
base combining capacity of the protein is at its lowest (cf. 
Betaines). 

The fact that albumin contains sulphur is worthy of note, 
though the mode in which it is combined in the molecule is 
unknown ; warming with a dilute alkaline solution is sufficient 
to eliminate it partially, e.g. when white of egg is boiled with 
an alkaline solution of lead oxide, sulphide of lead is precipi- 
tated (the test for sulphur in albumin). 

Protein preparations often leave a very considerable amount 
of ash, i.e. inorganic salts, on incineration. It is not yet 
certain in how far this mineral matter forms an integral 
constituent of these substances; but the properties of “egg 
albumin free from ash ” are materially different from those of 
ordinary albumin. 
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Although the constitution of no single albumin has been 
determined, a considerable amount of work has been done in 
this direction, more especially by an examination of the 
simpler products obtained when the albumins are (a) oxidized, 
(6) hydrolysed, and (c) fermented by micro-organisms. 

(a) The products obtained on oxidation consist largely of 
volatile fatty acids, their aldehydes, ketones, and nitriles, 
together with hydrogen cyanide and benzoic acid. 

(b) The usual hydrolytic agents used are (1) barj^ta water, 
(2) hydriodic acid, (3) concentrated hydrochloric acid, and 
(4) sulphuric acid (25 per cent). The last of these appears to 
be the best, as it produces less complex decomposition, e.g. 
less ammonia and more amino acids. The most marked 
feature of the products thus obtained is the predominance 
of amino acids. 

A few simple proteins yield only two amino-derivatives; 
thus both salmine and clupeine, obtained respectively from the 
testicles of the salmon and herring, yield histidine. As a rule, 
the more complex proteins yield a considerable number of 
amino compounds, the number of such compounds and also 
their relative proportions varying with the protein. 

1, AMINO ACIDS AND BASES FROM PROTEINS 

1. Mono-amino-mono-carboxylic Acids. — Glycine amino- 

acetic acid; Alanine a-amino-propionic acid; Valine 
a-amino-/3-methyl-n-butyric acid, (CH3)2*CH-CH(NH2)’C02H; 
Leucine == a- amino -y-methyl-n- valeric acid, CHMcg-CHg* 
CH{NH2)C02H; iso-Leucine == a- amino -)3- methyl -n -valeric 
acid, CH3*CH2*CHMe-CH(NH2)C02H; Norleucine — a-amino- 
?i-caproic acid; Phenylalanine = a-amino-jS-phenyl-propionic 
acid, C3H5-CH2'CH(NH2)C02H; Tyrosine = a-amino-jS-hy- 
droxyphenylpropionic acid, j?-0H*CeH4*CH2-CH(NH2)C02H ; 
Serine = a-amino-jS-hydroxypropionic acid; Threonine ==a- 
amino-p -hydroxy- n-butyric acid with the configuration, 

COOH 

NHjCH 

HCOH 

CH3, 

corresponding with that of d-threose; Cystine =» di-(a-amino- 
iS-thiopropionic acid), C02H-CH(NH2)‘CH2-S‘S-CH2-CH(NH2)- 
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COj^H; Methionine *=*= a-ainino-y-methylthiol-n-butyric acid, 
CH3S-CH2-CH2'CIf(NH2)-C02H. 

2. Mono-amino-dicarboxylic Acids. —Aspartic acid arniuo- 
succinic acid; Glutamic acid = a-amino-glutaric acid; Hy- 
droxyglutamic acid = a-amino-^-hydroxyglutaric acid, COall* 
CH2-CH(0H)*CH(NH2)C02H. 

3. Diamino-mono-carboxylic Acids. — Arginine = a-amino- 
3-guanidino>w- valeric acid, HN = C(NH 2 )-N}I(CH 2 ) 3 *CH(NH 2 )- 
CO 2 H, which has been synthesized from ornithine (p. 251) 
and cyanamide (p. 313); Lysine = ae-diarninocaproic acid. 

4. Heterocyclic Amino-acids. — Histidine == a - amino - jS - 
iniinazolepropionic acid (I); Pyroline = a-pyrrolidene-carboxy- 
lic acid (II): 

N • CJI. /CHg CIL 

I i! "^C(JILCH(NH.>)C02H; II NH^ | 

OlPNH UH(C02H)CH2 

Hydroxyj)roline ^ y- hydroxy- a -pyrrolidenecarboxylic acid; 
Tryptophane a-amino-^-indolepropionic acid (HI): 

III 

N/Vnh./ 

5. Purine and Pyrimidine Bases. — Guanine = 2-amino-6- 
oxypurine (p. 331); Adenine = (baminopurine; Cytosine 
3-aniino-l -pyrimidone (IV) and thymine == 4-methyl-3-keto- 
2 : 3-dihydropyrimidone (V): 

.n:o(Nilk /Nhco. 

IV wCCK >CH; V CO( >CCH,. 

^Nli — CH^ NH CUP" 

Most proteins also contain a carbohydrate radical, e.g. 
mannose, galactose, or frequently a hexosaniine, i.e. they are 
glycosides. 

FiscJier's method of separating the amino-acids formed on 
hydrolysis of a protein was by fractionation of their methyl 
esters under very low pressures. A modified, and stated to be 
a more accurate, method is the fractionation of the esters of 
the acetylated acids. The percentages of the known amino- 
acids found in the four proteins, viz. gelatin, casein, gliadin 
and zein, varies from 90-103 per cent, indicating that there 
cannot be in the molecules of these proteins large quantities 
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of hitherto unidentified acids, and glutamic acid is the chief 
constituent of the last three. These more accurate methods 
of estimation have rendered it possible to determine the mole- 
cular ratios of the different amino-acids in such proteins as 
gelatin, blood-fibrin and keratin (J. Biol. Chem., 1936, 116 , 77). 

The carboxylic groups present in the hydrolytic products 
are probably not present in the original molecule, and it is 
highly probable that most of the amino-groups are not present 
as such, but are employed in uniting the various radicals 
together, since only some 10 per cent of the total nitrogen in 
albumin is eliminated as such on treatment with nitrous acid ; 
in other words, the amino-group of one molecule reacts with 
the carboxylic group of another, yielding compounds with the 
group, *CO*NH*, characteristic of acid amides. Emil Fischer 
and others have synthesized complex compounds of this type 
by the gradual condensation of amino-acids. Although none of 
the proteins has been so far synthesized, the products — the 
polypeptides — exhibit considerable analogy to the peptones. 

The following general methods are used for the synthesis 
of polypeptides : 

1. The chloride of a halogenated fatty acid is condensed 
with the ester of an amino-acid, the resulting ester hydrolysed, 
and the halogen then replaced by an amino-group by means 
of ammonia: 

CHaCUiirCOCl + NRaCHj-COaEt 

-> CHa-CHBr CO NH CH^ CO,Et 

-> CH, CH{NH2) CO NH CHj COaH. 

Alanylglycine 

The dipeptide thus obtained can be converted into its 
acid chloride, and this condensed with a molecule of an ester 
of an amino-acid, e.g. glycine ester, yielding the compound 
CH3*CH(NH2)*C0 ;NH;CHjs-C 0-NH*CH2C02CA» which on 
careful hydrolysis yields the corresponding acid — alanyl- 
glycylglycino—an example of a tripeptide. The operations 
can be repeated, and in this way compounds containing 18 
amino-acid residues have been synthesized. 

As the amino-acids obtained by hydrolysing natural pro- 
teins are optically active, Fischer used optically active acids 
and esters in his synthetical operations, the opticaUy active 
acid being obtained by resolving its racemic benzoyl deriva- 
tive by means of active bases and then removing the benzoyl 
group. 
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2. Another method consists in protecting the amino-group 
in an a-amino-acid by converting into the p-toluene-sulphonyl 
derivative, forming the acid chloride, condensing with a second 
amino-acid, and finally removing the jo-toluene-sulphonyl 
group with hydriodic acid and phosphonium iodide. 

3. Bergmann and Zervas (B., 1932, 1192) protect the NHg 
group by introducing the -CO-O-CHg-CgHg group by the action 
of benzyl chloroformate, forming the acid chloride or azide 
and condensing with a second amino-acid, and finally reducing 
with hydrogen and palladium: 

K CH(NHa)CO,H R CH(NH CO*OC7H;) 

U CH(NH C0 0C7H,) C0C1 -V 

-I- R'CH(NH,)CO,H 

KCH(NHCOO 07 H 7 )CONHCHR'COaH > 

red 

K CH(NH2) C0 NH CHR' CO^H + CeH/TI,, 4 GO, 

(cf, Harrington and Bergmann^ Bio. J., 1935, 1602). 

4. Glycylglycine can be obtained by heating ethylglycine 

when the anhydride, diketopiperazine, NH(^ /NH, is 

formed, and hydrolysing this with dilute alkali. 

5. Another method of obtaining polypeptides is through the 
azide (p. 213) of the acid. Thus starting with ethyl hippurate, 
this is converted into the hydrazide, and, finally, into the 
azide, which yields a carbimide when heated. The carbimide 
is condensed with the ester of an amino-acid, e.g. ethylglycine, 
yielding a product which can be transformed into an azide and 
the series of reactions repeated (Curtius, J. pr., 1916, 94, 85). 

X COjEt X CO NH NH, -> X CO Na 

X N:c: 0 X NH OO NH CHj'CO,Et. 

Fischer succeeded in synthesizing by his methods a poly- 
peptide containing 18 amino-acid groups, viz. Heucyl-triglycyl- 
i-leucycl-triglycyl-Meucyl-octaglycyl-glycine with a molecular 
weight of 1213. 

The position of the free amino-group in a complex poly- 
peptide can be ascertained by the action of naphthalene- 
Bulphonyl-chloride, and hydrolysis with hydrochloric acid. 
Thus, alanyl-glycylglycine (a tripeptide) treated in this way 
gives naphthalene-^-sulphonylalanine and glycine as hydro- 
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lytic products, indicating that the free araino-group is present 
in the alanyl residue -(B., 1916, 2449, 2838). 

The optical rotation of an active polypeptide kept in con- 
tact with dilute alkali for a few days changes, and tliis has been 
shown to be due to the enolization of an inner — CHR-CO- 
group. In the case of a tripeptide the products of hydrolysis, viz. 
the inactive amino-acid isolated, will prove that this occupied 
the middle of the peptide chain. 

A few polypeptides, e.g. tetrapeptides, have been isolated 
from the hydrolytic products of certain proteins. 

The putrefaction of albumins gives rise not only to amino- 
acids, but also to aromatic and fatty acids (e.g. butyric acid, 
phenyl-acetic acid), indole, skatole, and cresol; further, to the 
basic ptomaines (the toxines produced in dead bodies), which 
include putrcscine (from arginine) and cadaverine (from lysine), 
choline, muscarine, and neurine (p. 227). All of these are not 
poisonous, and many also occur in the vegetable kingdom. 
Only the amines derived from phenylalanine, tyrosine, trypto- 
phan and histidine have marked physiological activity, and 
histamine derived from histidine is the most active. 

2. CLASSIFICATION OF PROTEINS 

I. Simple Proteins yielding amino-acids or derivatives on 
hydrolysis. 

(a) Albumins , — Soluble in pure water and coagulated by 
heat. Egg-albumin, serum albumin, leucosin (wheat), legumin 
(peas). 

(b) Globulins , — Insoluble in water but soluble in neutral 
salt solutions. Muscle globulin, edestin (wheat), phaseolin 
(beans), tuberin (potato), arachin (ground nut). 

(c) Gluteins , — Insoluble in neutral solvents but soluble in 
acids and alkalis. Glutenin of wheat. 

(d) Prolamms , — Soluble in 70-80 per cent alcohol, but in- 
soluble in water, absolute alcohol or neutral solvents. Gliadin 
(wheat), zein (maize), hordenin (barley). 

(e) Sclero'proteins or Albuminoids. — The proteins present in 
the skeletal structure of animals and in skin, hair, &;c. Col- 
lagen which boiled with water gives gelatin. Elastin from 
ligaments and keratin from hoofs. 

(/) Histones , — Soluble in water and fairly concentrated 
ammonia and ammonium salts, but insoluble in dilute am- 
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monia. Coagulated by beating, but coaguluin soluble in very 
dilute acid, Globin from beemoglobin. 

(g) Protamines. — The simplest proteins. Soluble in water. 
Not coagulated by heat. Strongly basic and on hydrolysis 
yield only 2 or 3 amino-acids. Salrnine and sturine from fish 
testicles. 

II. Conjugated Proteins. — Protein combined with another 
molecule in a form other than salt. 

(а) Nudeoproteins . — Compounds of a protein with a nucleic 
acid, e.g. wheat germ contains triticonucleic acid, and the 
thymo-gland a compound of protein with thymonucleic acid. 

(б) Glycoproteins. — (Compounds of proteins with carbo- 
hydrates, e.g. mucins: slimy proteins with a lubricating 
function secreted by salivary glands and mucous cells of 
alimentary canal, secretion of slugs, &c., on hydrolysis usually 
give an aminohexose. 

(c) Phosphoprotcins. — Proteins with phosphorus in some 
form other than a nucleic acid or lecithin. Caseinogen (milk), 
ovovitellin (egg-yolk). 

(d) Chrornoproteins or Hcemoprotems. — Protein combined 
with hsematin or analogous compound. ITjemoglobin and 
heemocyanin, proteins with respiratory functions found in 
blood of all vetebrates. 

(e) Ledthoprotein. — Compounds of protein and lecithin. 

III. Derived Proteins. 

1. Primary protein derivatives formed by gentle hydrolytic 
changes in proteins. 

(a) Proteans formed by action of water, very dilute acids, 
or enzymes on proteins. Casein from curdled milk, fibrin from 
coagulated blood. 

(fc) Metaproieins formed by further action of acid on pro- 
tein. Soluble in very weak acids or alkalis, but insoluble in 
neutral solvents. Acid and alkali albumins or albuminates. 

(c) Coagulated proteins formed by action of heat or alcohol 
on protein solutions. Precipitated egg albumin. 

2. Secondary protein derivatives obtained by further hydro- 
lysis of protein molecule. 

(а) Proteoses . — Soluble in water, not coagulated by heat, 
and precipitated by salting out their solutions with ammonium 
sulphate. “ Peptones ” consist largely of proteoses. 

(б) Peptones proper , — Soluble in water, not coagiilated by 
heat, and not precipitated from their solutions by ammonium 
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or zinc sulphates or most acids, but precipitated by tannic 
or phosphotungstic acids and by lead acetate and absolute 
alcohol. 

(c) Peptides , — Compounds built up of two or more amino- 
acids. 

Examples of natural peptides are: 

1. Camosine, present in skeletal muscles of many verte- 
brates and reptiles, is ^-alanylhistidine. 

.N— CCH,CH(CO^)*NHCOCH,CHaNH,. 

CH( II 

^NHCH 

2. Anserine, from goose muscle, is jS-alanylmethylhistidine. 

3. Glutathione, y-glutamyl-cystcyl-glycine, C02H*CH(NH2)- 

,CH2SH 

CH 2 *CH 2 *C 0 *NH CH<^ , an important factor 

N30-NH-CH2C02H 

in oxidative changes in muscle tissue. It gives an intensive 
nitro-prusside reaction which is characteristic of all active 
animal and plant tissues. On oxidation the disulphide is 
formed from two molecules of the tripeptide, X-SH, HS‘X 
XS’SX, and this change of oxidation and reduction goes on in 
the living tissue and protects the cysteine from metabolic 
change. In the absence of glutathione no oxygen is absorbed 
by the tissue and no carbon dioxide is eliminated. 

Nucleoproteins 

These form the most important protein constituents of the 
cell-nucleus, and without these life and cell activity is impos- 
sible. They are very abundant in tissues of thymus, spleen, 
and pancreas. They are also found in the vegetable kingdom 
in tissues of the embryo and in yeast. They are compounds 
of a protein with a nucleic acid. The protein is usually a histone, 
but in the ripe sperm of salmon, herring, and mackerel is a pro- 
tamine. The nucleoprotein on partial hydrolysis yields protein 
and nuclein, and nuclein with strong acids or pancreatic juice 
gives a protein and a nucleic acid. There appear to be two 
distinct nucleic acids, one characteristic of the animal and the 
other of plant tissues. Both on hydrolysis yield phosphoric 
acid (4 mols.), a mono-saccharide (4 mols.), purine bases (2 
mols.), and pyrimidine bases (2 mols.). The chief differences 
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are that the animal acid gives d-2-deoxyribose, HO'CH^ 
[CH-OHJa-CHj-CHO, with the bases guanine, adenine, cyto- 
sine, and thymine, whereas the plant acid yields d-ribose^ 
guanine, adenine, cytosine, and uracil: 

NH CO NH— CO 

Thymiiic CO CMe Uracil CO CH 

NH-- CH 

It is suggested that each molecule of phosphoric acid forms 
an ester with the sugar, and that the cyclic bases are united 
to the four sugar residues in the order guanine, cytosine, 
uracil (or thymine), and adenine. 

The hsemoglobin, the colouring matter of the red corpuscles 
of mammalian blood, is a compound of hsematin (Chap. LXIV, 
Dl) with a globulin and has a mol. -weight of roughly 68,000. 
The clotting of blood is due to the presence of fibrigonin. 

For the amino-acids and bases derived from different pro- 
teins and their relative amounts, cf. Lloyd and Shore, 2nd 
Edition, p. 136, 


3. STRUCTURE OF PROTEINS 


In a fairly complex polypeptide or protein molecule the 
amino-acids appear to be arranged in a fixed order, as shown 
by the pattern of X-ray photos. Bergmann and Zervas (J. 
biol., 1936, 113, 34) by the careful hydrolysis of clupein (a 
protamine) from herring roe found that with the enzyme 
protaminase the protein gives 2 mols. of clupean (a polypeptide) 
and 4 mols. of arginine, and that clupean with trypsin and other 
enzymes yields 2 mols. of a dipeptide and 3 of a tripeptide. 
Each molecule of dipeptide on hydrolysis gave arginine and 
an amino-acid, and each molecule of tripeptide 2 mols. of 
arginine and one of amino-acid, and they suggest that the 
oidy arrangement in harmony with these results is: 


MA AMAlAMA'AMAjAM-A 

! I i M 


iAMAl 


A •• arginiiK^ residue. fission produced by trypsin. 

M mono-amino- acid residue. -» fission produced by prota* 

minasu. 


(B4S0) 
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Bergmann and his co-workers have developed this idea and 
have worked out the ratios in which the different residues 
occur in ox-fibrin, egg-albumin, &c. They calculate from 
the results of careful analysis of hydrolytic products the 
number of gram-mols. of each amino-acid formed from 100 
gm. of protein, and from these data calculate the frequency of 
the occurrence of each amino-acid. For egg-albumin the fre- 
quencies are glutamic acid 1 in 8, aspartic acid 1 in 18, 
methionine, lysine and arginine each 1 in 24, tyrosine 1 in 36, 
and histidine and cysteine each 1 in 72. The smallest number 
of residues which can give these frequencies is 288, and hence 
the molecide of egg-albumin must contain 288 or some mul- 
tiple of 288 residues, i.e. a mol.-weight of 35,700 or some mul- 
tiple of this. The minimum value agrees roughly with that 
determined by the ultra-centrifugal method. 

All the amino-acids forming the residues in a protein mole- 
cule have the same spatial configuration, i.e. in compounds of 
the type 

H NH. 

the relative positions of the 4 groups are always the same, 
quite independent of the nature of K. They all belong to the 
I series (for absolute configuration, cf. Rainey^ Nature, 1937, 

140 , 150). 



The molecule has a zigzag structure with the R groups 
alternatively above and below the -C’NH'CO — C plane. The 

unit is repeated and its length is 3*5 A. The co- 

ordinate links (H bridges) result in chelate rings. 

In silk fibroin built up of alternate glycine and alanine 
residues it follows that all the CHj groups lie in the same plane, 
as they occur alternatively with H. 
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B. Protein Foodstuffs 

The changes which protein foodstuffs undergo in the animal 
system have been the subject of much study (Hopkins, J. C. 8., 
1916, 629; cf. also C. and L, 1933, 173). It is generally agreed 
that the proteins are ultimately hydrolysed in the intestine 
to their ultimate constituents, the amino- or imino-acids, and 
that these acids are absorbed by the blood and carried to the 
different tissues, where they can undergo (1) synthesis to pro- 
tein compounds required for growth and replacement of that 
lost by wear, e.g. skin, secretions of glands, milk, mucus, &c. ; 
(2) oxidation, when present in abundance, to supply part of 
the heat required by the organism; and (3) conversion to 
purine derivatives, adenine and guanine, and the excretory 
substances, allantoin and uric acid. This conclusion is largely 
based on the following facts: (a) completely hydrolysed pro- 
teins, e.g. casein, are as effective as nutrients as the unhydro- 
lysed proteins ; (b) in the blood the bulk of the organic nitrogen 
is present as amino-acids and not as complex polypeptides or, 
proteins (this has been proved by van Slyke by measurements 
of nitrogen evolved by the action of nitrous acid on the blood) ; 
(c) when food proteins are introduced intact into the blood, 
reactions follow which are quite different from those which 
follow the normal ingestion of food. 

Proteins of animal origin are digested more readily than 
those of vegetable with the exception of uncooked white of 
egg. This may be due to the fact that vegetable proteins are 
protected from enzyme action by non-digestible cellulose. The 
protein of meat if not over-cooked is the most readily digested. 
In many cases digestibility is increased by cooHng but is 
largely impaired by over-cooking. 

As the result of careful experiments it has been proved that 
the following amino-acids and bases must be supplied in the 
food as they cannot be formed in the animal system itself. 

(1) Tryptophan (d, 1, or <B equally good). (2) Lysine, (3) His- 
tidine (Z more effective than d). It is probably required for the 
production of the purine bases of nucleic acid and for the for- 
mation of histamine. (4) Arginine. (5) Methionine, y-methyl- 
thiol-a-amino-n-butyric acid, CH 8 S-CH 2 CH 2 'CH(NH 2 )*CO^, 
required as source of S for organic sulphur compounds. It 
can be replaced by cystine, (6) Phenylalanine. It cannot 
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be replaced by tryosine, but is probably the precursor of this 
and of thyroxin and adrenaline. (7) Leucine and i^o-leucine. 

On the other hand, serine, glutamic acid, hydroxyglutamic 
acid, proline, and oxyproline need not be present in the food, 
and can presumably be synthesized in the body at rates 
necessary to meet the requirements of natural growth. 

It is thus clear that the animal system is incapable of syn- 
thesizing the indole group (tr 3 rptophan), or the guanidine 
(arginine), or iminazole (histidine) groups, and it is essential 
that the food supplied should contain such groups. If arginine 
is supplied, the system appears to be capable of converting 
this into histidine; the close relationship between the two 
compounds is illustrated in the two formulse: 

.CHN 

CO,HCH(NH2)CHaCf ij 
Histidine • NH*CH 

COaH CHiNHa) CIL-CH, J 

Arginine HN . C NHg. 


LXVIII. VITAMINS AND HORMONES 

Compounds physiologically of vital importance in animal 
metabolism are those belonging to the two groups the Vita- 
mins and the Hormones, both of which are characterized 
by the fact that minute amounts play such an important bio- 
chemical r61e. The vitamins are not formed in the body but 
are introduced in the food utilized by the animal, whereas the 
hormones are formed in the body, usually in special glands. 

•For gynthesis, »cc Pyman, J. C. S., 1916, 186; and for synthesis of 
CaniOiizie, ^-alanylhistidine, 

N—CHv 

hn 

cf. also Barger and Tuttn^ Bio. J., 1918, 402; it occurs in Liebig's extract 
of beef. 
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A. Vitamins • 

This name was introduced by Funk to comprise certain 
accessory factors in normal dietary, f and from 1912 our 
knowledge of the number, structure, and physiological im- 
portance of these compounds has increased at a rapid rate. 
They are usually divided into the two groups I, Fat soluble, 
and II, Water soluble. To group I belong the compounds 
A, D, Dg, Dg, and to group II the compounds Bg, C, E. 
The absence of any one in the dietary causes some definite 
disease or a lapse of certain physiological activities. 

From a chemical standpoint, the different vitamins are 
not closely related but belong to very different groups of 
compounds. Their structures have been determined in many 
cases and several have been synthesized in the laboratory, 
and many of these have been discussed in the chapters dealing 
with the groups of compounds to which they belong. Some 
ten distinct vitamins are now recognized. 

Vitamin A» Axerophthol, is associated with animal fats 
and is present in relatively large quantities in the livers of 
fishes. In its absence young animals fail to grow, degenerative 
changes in the epithelial cells which form the outer layer of 
the body take place, and a pathological condition of the eyes 
kixjwn as xerophthalmia is set up. An adequate supply pro* 
tects against certain types of infection. The addition of cod- 
liver or better halibut-liver oil to the dietary gives the neces- 
sary vitamin. Its structure is closely related to that of the 
yellow colouring matters of the carotenes (Chap. LXIV, Al), 
and can be formed in the animal system from the carotenes 
contained in green vegetables and carrots. 

A second constituent, A2, appears to be present in some oils, 
and in freshwater fish largely replaces A. It may be vitamin A 
with an additional •CH:CH before the •CHg’OH group, and 
thus have 6 conjugated olefine links. 

Vitfunin Bl, Aiieiirui4 A deficiency of this leads to the 

•F. G. Hophim, Nature, 1936, 136, 708; Karrer, Chem. Rev., 1934, 7; 
Vitamins in Theory and Practice ^ 3rd Edition, L. J. Harris, Cambridge, 1938. 

t The term advitant has been suggested by Armstrong. 

X In America aometimes termed Vitamin F. For details, see Vitamin Bl 
and Beri-beri, L.J, Harris^ London, 1938; also WilUamSt Sci., 1938, 87, 669. 
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disease “ beri-beri Its presence appears to be essential for 
the normal process of carbohydrate metabolism and for the 
maintenance of a normal equilibrium in the nervous tissues. 
It is present in the cortical parts of grains, e.g. husk of rice, 
and the use of polished rice in tropical countries leads to 
the occurrence of beri-bcri. It also occurs in yeast together 
with B2, and the relative proportions of the two vary con- 
siderably with different species. It is the only vitamin con- 
taining sulphur, and its hydrochloride has the composition 

action of acid bisulphite solutions 
Williams (J. A. C. S., 1935, 229) obtained quantitative yields 
of the two products: (a) a sulphonic acid CgH^OaNgS, and {b) 
a base CgH^ONS. The latter compound when oxidized gives 
the known 4-methylthiazole-5-carboxylic acid and therefore 
has structure I, and this has been confirmed by synthesis 


II 


( 1 ) 


HO 


N -n-CHa 

A / 


III 


Et 

i 

<«N \-RO,H 

(S) 


(Andersag and Westphal, 1937) in the following manner: 
y-Acetopropyl acetate, CH 3 *CO*CH 2 -CH 2 CH 2 ’OAc, brominated 
gives CH 3 *C 0 *CHBr-CH 2 *CH 20 Ac, and t^s with barium 
thiocyanate gives CH 3 *CO'CH(S*C • N)'CH 2 -CH 2 *OAc, which 
readily isomerizes in acid solution to 2-hydroxy-4-methyl-5- 
acetoethyl-thiazole II, and by replacing the OH by (3 with 
the aid of POClg, and the removal of Cl by zinc dust and acetic 
acid, the acetyl derivative of I is formed. 

The acid component (a) was regarded by Williams as 
6-ethyl-4-amino-pyrimidine-5-sulphonic acid, but Andersag 
and Westphal (B., 1937, 2035) have proved that one of the 
products obtained by oxidizing aneurin with acid perman- 
ganate is identical with 2-methyl-4-amino-5-amino-methyl- 
pyrimidine IV. The acid is the corresponding 6-Bulphonic acid 

jy iA~-ch.nh. 
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Cl 

/\ c;n, N -ii-cH, 

CH, Xg/'-CHaCna-OH 

and hence aneurin is to be represented by V. 

The stages in the synthesis of IV are: (1) ethyl formyl- 
snccinate condenses with acetamidine hydrochloride in the 
presence of sodium ethoxide, yielding ethyl (2-methyl-4:“ 
hydroxypyrimidyl) -5-acetate VI. (2) Replacement of OH by 
Cl and then by NHg by the action of liquid ammonia under 
pressure, when the ester is also converted into the acid amide. 
(3) The conversion of the amide — CHg'CO’NHg into the amine 
•CHg-NHj by the Hofmann reaction. 

yi jTN.-CH, CO,Et 

OH 


The vitamin has been synthesized by three methods, viz. 
Williams and Clive (J. A, C. S., 1936, 1504; 1937, 1052), 
Todd aud Bergel (J. C. S., 1937, 364), and Andersag and 
phal (B., 1937, 2049). 

The second synthesis consists in condensing 4-amino-2- 
methyl-5-thioformamidopyrimidine VII with methyl a-chloro- 
y-hydroxypropyl ketone VIII, 


VII 


l/V-CHa-NHCHIS 


VIII 


CHCICO-CHa 

(!:h,ch,-oh 


and the third method consists in converting the diamine IV 
into the corresponding alcohol — into — CHg-OH by 
nitrous acid, theb by the action of an acetic acid solution of 
HBr converting — CHg-OH into — CH 2 Br, and the final conden- 
sation of this 2-methyl-4-amino-5-bromomethyl-pyrimidine 
in the form of its hydrochloride with 4-methyl-5-hydroxy- 
ethyl-thiazole (I). 

B1 plays a part in oxidations in the brain. a-Hydroxy- 
pyridine and 2 : 6*dihydroxyquinoline have physiological 
properties similar to those of B1 but far less pronounced. 

Vitamin B2 (or in America G) is also present in yeast, but 
is more stable to heat than Bl. Its absence in a dietary 
produces serious skin lesions in animals similar to those met 
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with in the human disease — pellagra — producing dermatitis 
of the face and hands. 

It is soluble in water, occurs in yeast, milk, lean meat, and 
green vegetables. At one time it was regarded as identical 
with lactoflavin, 6 ; 7*dimethyl-9-d-riboflavin phosphate, 




Nv 


CH,- 




CO 


NH 


\/\n/\Co/ 


where X = •CH2(CH-0H)3-CH20H, with a phosphoric acid 
group in position 5', but as this compound does not prevent 
‘‘ rat-pellagra the two cannot be identical, and it is possible 
that B2 is a mixture of lactoflavin with other compounds. 

Nicotinic acid (Chap. XLIII, B.) appears to be one of these, 
and is a specifi^c against pellagra. Another is vitamin B6, 
which prevents rat dermatitis. This has been termed adermin, 
and has the composition CgHigOgNCl; and a third is the com- 
pound which prevents dermatitis in chickens. 

Lactoflavin is a vitamin which promotes growth and has 
been synthesized in the following manner: 


CH,-, 
CH,— ' 


l-NH, ^ oCH(CH OH)3 CII. OH 
— NHAc. 



-NHCHj(CHOH),CH,OH 


4- alloxan 


oi iiH 


lactoflavin. 


Numerous flavins isomeric and stereoisomerio with lacto- 
flavin but containing different carbohydrate groups have been 
synthesized, but the only one with physiological activity is 
the ribo one. 

Vitamin C* Ascorbie Add, is the antiscorbutic vitamin 
present in most fresh foods, especially frtdts and green vege- 
tables, but varies in amount from species to species and is not 
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present in cereals. Freshly picked parsley, broccoli and kale 
contain three times as much as citrus fruits. It is less stable 
than most of the other vitamins, and is destroyed when foods 
are kept for a long time, dried or heated. It is extremely 
sensitive to oxidation and reduction, and one of its functions 
is to convey oxygen to the tissues as it is needed. It is prob- 
ably formed in the body and stored in the suprarenal gland. 
The daily requirement is 40-80 mg., and lack of it produces 
scurvy. It was first isolated from the adrenal gland, then from 
cabbage, afterwards from oranges, and finally from big red 
capsicum (1932), when as much as 1 lb. was prepared. In the 
crude form it is extremely difficult to handle, especially in 
presence of glutathione (p. 1216), but is more stable when pure. 
Its structure as 3-keto-Z-gulonolactone has been proved by 
its reactions and by its synthesis (cf. Chap. LVl, E.). It was 
the first vitamin to be synthesized. 

O ” 

til 

o : c c : c • c c cHs oh 
(Ih i ill 

Vitamin D * is the antirachitic vitamin, and usually accom- 
panies A in animal fats, particularly fish-liver oils. The per- 
centage of the two is high in mackerel, tunny, and sea bass 
(order Percomorphi) and rock fish and sculpin (order Cota- 
phracti). The Heterosomaia, e.g. halibut and flat fish, are richest 
in A, but Holconoti, e.g. viviparous perches, in D. About 75 
per cent of the liver oils are more potent in D than cod-liver 
oil, and nearly all are richer in A. Some percomorph oils are 
100-400 times more potent than cod-liver oil, and some of 
these, e.g. halibut-liver oil, are supplanting it in medicine. 
It is also present in the fermented shell of cacao, which is thus 
a valuable feeding stuflf for cows, as the vitamin passes into 
the milk. 

Vitamin D has not been obtained in a pure state, only in 
the form of a viscous oil, and hence no characteristic physical 
data are known. For several years it was thought to be iden- 
tical with calciferol, i.e. D2, the synthetic vitamin obtained by 
ultra-violet irradiation of ergosterol (for structure, cf. Chap. 
LXll, C.), but several important differences have been points 

• Vitamin D, C, J. Reed and others, London, 1939. 

( B 480 ) 40 • 
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out, Vitamiu D from fish oils is 144 times as active as calciferol 
in inducing normal growth and bone formation in chickens, 
whereas calciferol has a greater antirachitic effect than vitamin 
D on children. Further, D has a characteristic absorption 
band, 260-270 m/x, gives no diene reaction with maleic an- 
hydride, and is completely esterified in 10 days by maleic 
anhydride and pyridine. 

Vitamin D and calciferol are not identical but have closely 
related structures. It is highly probable that D of fish oils is 
identical with D3 (cf. Chap. LXII, C.). Compounds allied to 
calciferol also possess antirachitic properties, e.g. 22 : 23- 
dihydroergosterol when heated or irradiated, 7 : 8-dehydo- 
cholesterol (side chain 8 C atoms). 

0-05 mg. of D is required daily to promote the absorption 
of calcium and phosphorus from the intestines into the blood. 
In its absence calcification is abnormal, as shown by the 
development of rickets and in imperfect teeth, and in addi- 
tion the calcium content of the blood is subnormal. It is not 
readily absorbed after subcutaneous injection, and is best 
taken in the form of foods rich in D or by ultra-violet irradia- 
tion of the skin or by the use of calciferol. 

Vitamin £ (1922) is known as the antisterility vitamin, and 
is essential for successful reproduction. The chief sources are 
certain green vegetables and wheat embryos, but it is very 
widely distribuk‘d and is active in very small amounts. 
It yields a crystalline allophanate and p-nitro-phenylurethane, 
has the composition and is termed a-tocopberol. 

Two compounds a- and /3-tocopherol, and 

C 28 H 4 gOa, have been isolated from vitamin E, and the a- 
compound from its reactions has been shown to be a 
chroman with the structure I. (For synthesis, cf. Helv., 1938, 

CH, 


2 ] 3 CHMo-[CH 2 l 30 nMrfCH 2 LCHMe, 

620, 820; Nature, 1938, 142, 36; Sci., 1938, 37). The 
/8-compound has only 2 in place of 3 methyl groups in the 
benzene nucleus. The two compounds can be characterized 
by their allophanates. 2 Bigm. of wheat-germ oil yields 1 gr. 


HO. 


f 


o,. 


.CH, 
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of the a-compound and 0-76 of the p. Compare Report on 
Vitamin E, Soc. Chem. Ind., 1939. 

Vitamin K1 (1934) is a thermo-stable, fat soluble substance 
present in hog’s-liver fat and in green vegetables, e.g. alfa-alfa, 
and a deficiency of this vitamin produces haemorrhage, 
anaemia, and a prolonged blood clotting time in chickens. 
It is 2-methyl-3-phytyl-l : 4-naphthaquinone (Fiesety 1939, 
cf. C. and I., 1940, 233. 

Several vitamin preparations are now manufactured and 
added to food stuffs, e.g. margarine, bread, milk, glucose, &c. 
It is to be noted that excess of vitamins A and D is harmful, 
D causing the deposition of calcium phosphate in different 
parts of the body (Drummond, C. and I., 1935, 744). 

For details of certain vitamins, cf. Edyvean, C. and I., 1938, 
1165. 


B. Hormones ♦ 

Most of the hormones are chemical compounds formed in 
particular ductless glands and do not pass directly into the 
alimentary canal but into the blood system. They are mostly 
hydrolysed in the canal, and therefore should not be adminis- 
tered per os but hypodermically. Recently hormones of 
vegetable origin have been isolated; they are termed aiudnes 
and are essential for the development of higher plant life. 

A few of the vitamins appear to be capable of synthesis in 
the tissues of certain species and hence approach the hormones. 

The number of hormones is considerable, and the following 
list includes the most important: 

1. Acetylcholine, OAc-CHg-CHg-NMeg OH, formed in the 
spleen and body tissues. It is produced as required and is 
not stored. Stimulation of the parasympathetic nerves liberates 
this compound at nerve endings and maintains the tone of the 
muscles, 

2. Histamine, CeH^OgNg, formed in the lungs and body 
tissues. Not stored. 

3. Adrenaline, C^H 0 O 3 N, stored in the adrenal gland. 

4. Thyroxine, C 15 H 11 O 4 NI 4 , stored in the thyroid gland. 

6 . Insulin, stored in the pancreas. 

6. Parathormone, stored in the parathyroid gland. 

7. Secretin, stored in the duodenum. 


• F. Wokei, Applied Biochetmstry, Chap. XI, 1937, 
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8a. Oxytocin* and 86. Vasopressin, stored in the pituitary 
gland. 


0. Oc^trone, ^i8^^22^2* 


Female sex hormones. 


10. Progesterone, J 

11. Androsterone, 

12. Testosterone, ^19^28^2* 

13. Corticosterone, produced by the adrenal cortex. 


Male sex hormones. 


Even minute quantities of hormones have detectable effects 
varying from a dilution of 1 in 6 x 10® for secretin to 1 in 
6000 X 10® for acetylcholine. 

1. Acetylcholine, OAc-CHg-CHg-NMegOH, has been isolated 
from the spleen of the ox and horse (1929), and has also been 
obtained from plant tissues. 

2. Histamine, 2-(4>iminoazolyl)"ethylamine or 4-(co*amino- 

NH'CH. 

ethyl) -glyoxaline, | ^C-CH 2 *CH 2 'NH 2 , is probably 

CH-~N/ 

formed by the decarboxylation of histidine (Chap. LXVII, 
Al) and has been synthesized. 

3. Adrenaline. This hormone is formed in the suprarenal 
gland, increases the blood pressure, liberates glycogen from 
the liver, and increases all emotions due to vascular and visceral 
reactions. It arrests hasmorrhage from capillaries or small 
veins, localizes the action of anaesthetics, eases asthmatic 
attacks, and restores action of heart after surgical operations. 
Its structure as the 3 : 4-dihydroxy derivative (OH) 2 C,iH 3 * 
CH(OH)‘CH 2 ’NHMe has been proved by synthesis (Chap. 
LXV, D.). 

4. Z-Th3nPOXine occurs in the secretion of the thyroid in the 
form of the peptide compoxmd thyreoglobulin, from which 
it can be obtained by the action of enzymes. It is responsible 
for the primary oxidative changes in the body, and about 
1 mg. per day is necessary. If there is an excess oxidation is 
too rapid, life bums too fast, weight is lost, the heart beats 
quicker, and restless activity and nervous irritability ensue. 
If the secretion is on the low side, life slows down, fat accumu- 
lates, and the mental processes are dulled. If deficiency 
occurs in early childhood, mentally deficient dwarfs result 
unless thyroid gland extract is administered in time. 

The structure as the 3:6:3'; 5'-tetraiodo-4-hydroxy- 
phenyl ether of tyrosine (Chap. XXVI, A3) OH-CeHjIa-O- 
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CgH2l2*CH2*CH(NH2)*C02H, has been established by syn- 
thesis (Harrington, Bio. J., 1926, 300; J. S. C. I., 1926, 
931). The stages are ^ - MeO • CeH4Br + HO-CgHg MeO* 

• 0 * C^Hj. Tiemann - Reimer reaction MeO • • O • 

.GONE 

(;H4‘CH0 with CH2< I gives MeO-CeH^-O-CJTv 

.CO-NH \NH*C0 

OH : I , and this on hydrolysis gives (II) the ^hydroxy- 

^NH-CO 

phenyl ether of tyrosine H0*CgH4*0-C6H4*CH2*CH(NH2) C02lI 
(II), which with iodine yields thyroxin. Another synthesis 
consists in condensing quinol monomethyl ether with 3:4:6- 
triiodonitrobenzene to 2 : 6-diiodo-4-nitro-4'-methoxy-diphenyl 
ether Me0*C(|H4*0*C4H2l2N02. This can be transformed into 
the amine, then the nitrile, and finally into the aldehyde, 
Me0*CgH4-0*C4H2l2‘CH0, which condenses with hippuric acid, 

COO 

giving the azlactone Me0-C4H4*0-CeH2l2 CH:C<^ I from 

^N-CPh 

which on hydrolysis the benzamino-cinnamic acid MeO-C5H4* 
0*C6H2l2-CH:C(NHC0Ph)C02H is formed. This with hydri- 
odic acid and phosphorus yields H0*C4H4‘0*C4H2l2*CH2*CH 
(NH2)*C02H, from which thyroxine can be obtained by treat- 
ment with iodine in ammoniacal solution. The di-compound 
has been resolved by means of /-a-phenylethylamine. 

The iodine required for its formation in the body is ex- 
tracted from the blood, which obtains it from the food supply. 

Certain diseases due to lack of thyreoglobulin can be recti- 
fied by the addition of minute quantities of iodine to the food 
or water supply, or even added to fertilizers of the soil in 
which the crops are grown. 

6. Inunlin occurs in the internal secretion which the pan- 
creas discharges into the blood system and varies with the 
concentration of sugar present in the blood. Its functions 
appear to be to remove all blood sugar in excess of 010 per 
cent, to convert it into glycogen which is stored in the liver 
or muscular tissues. If the discharge from the pancreas is 
deficient, glucose accumulates in the blood and tissues and the 
kidneys are no longer able to prevent its passing into the 
urine. Diabetes results and is accompanied by emaciation 
and general debility. At later stages fat metabolism is dis- 
turbed and hydroxybutyric and aceto-acetic acid pass into 
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the urine. The remedy is subcutaneous injection of insulin 
extracts obtained from the pancreas of the ox, pig or sheep. 
The method of isolation is difficult on account of its sensi- 
tiveness to proteolytic enzymes present. The method used 
is largely due to Harrington. 

Its structure is that of a protein, and its hydrolytic products 
are cystine, tyrosine, glutamic acid, leucine, arginine, histidine 
and lysine. It is readily methylated and the product readily 
demethylated by 0*1N, NaOH at 0°. Its probable composition 
is C45HeA4NHS, 3 H 2 O. 

An excess of insulin acts as a poison and careful adminis- 
tration is necessary. The antidote is glucose. 

6. Parathormone is also a protein type of compound and 
controls the calcium content of the blood. 

7 and 8 are two active principles from the posterior pitui- 
tary gland. The first stimulates the contraction of the uterine 
muscles and the second has a diuretic effect. Little is known 
of their composition. 

9-12. Sex hormones (Ruzicka, Chem. Rev., 1937, 69). The 
investigation of these dates from 1929, and it is remarkable 
that, although they have been isolated in small amounts only, 
their properties, structures, and relationships should have 
been worked out and their syntheses completed within six 
years, largely due to the work of Butenandt and his co-workers. 
The female and male hormones appear to be formed respec- 
tively in the ovaries and testes under the stimulation of secre- 
tions (gonodtropic hormones) from the anterior lobe of the 
pituitary, and these are the primary factors in sexual develop- 
ment, and the removal of the anterior lobe inhibits sexual 
development and produces atrophy of the sexual organs. 
Little is known of these primary hormones, but the secondary 
male and female hormones have all been shown to contain 
the cholane skeleton (for details, cf. Chap. LXII, D.), 

Oestrone, CigHjgOg, the follicular hormone (1929), occurs 
in pregnancy urine (e.g. 1 mg. per litre). It develops the genital 
organs of the female, e.g. uterus and vagina, and produces the 
secondary female characteristics, e.g. mammary glands, and 
also possesses other functions. It also occurs in the urine of 
the stallion (17 mg. per litre), and is met with to a limited 
extent in the vegetable kingdom, e.g. palm kernel extract 
and female willow flowers. 

Other compounds with similar properties and found accom- 
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panying oestrone are oestradiol, CigH 2402 ; oestriol, C18H24O3 ; 
equi^, CigH2o02, and eqtiilenin» CisHxsO,. 

Progesterone (1934) crystallizes in prisms, m.-pt. 128®, or 
needles, m.-pt. 121®, and has [a]]> -f 192°, and forms a dioxime, 
m.pt. 243®. It is termed the corpus luteum hormone, and 
unlike oestrone is largely specific in its physiological activity ; 
no naturally occurring compounds, even the closely related 
diol, pregnandiol (both CO reduced to CH-OH and no double 
bond), accompanying it is physiologically inactive. The 
compound 17-methyl testosterone has an activity about one- 
sixth of that of progesterone. 

The male hormone androsterone has m.-pt. 182®~183® and 
[aji) + 94'5 and forms an acetate, oxime, and semicarbazone, 
and on complete reduction by Clemmensen* 8 method yields 
the saturated hydrocarbon androstane, m.-pt. 49®-50®. It 
ifi accompanied by dehydro-iso-androsterone, which 

is less active than androsterone but possesses oestrogenic 
activity, and on reduction yields a secondary alcohol which 
is three times as active as the ketone. Androstandione is 
isomeric with the above and testosterone, also CigHggOg (10 
kilos testes yield 1 mg.), has m.-pt. 154®, [a]D 4- 109®, and 
yields an acetate, benzoate, and oxime with characteristic 
melting-points, and has the absorption spectrum of an aj3- 
unsaturated ketone. 

All the four male hormones produce the same qualitative 
physiological actions but with marked quantitative dif- 
ferences, testosterone being the one with the best-defined 
properties. They all affect the genital tracts and are of impor- 
tance in the formation of the external characteristics of the 
male, e.g. formation of horns in the stag and of the comb of 
the cock. 

Testosterone displays its maximum biological activity 
when esterified, more particularly the propionate (O CO-CHj* 
CHg'CHg in position 17; formula, Chap. LXII, D.). This is 
slowly hydrolysed, yielding the hormone which is rendered 
more readily absorbable by the propionic acid also formed. 
The 17-methyl ether is also more active than the hydroxyl 
compound. 

The terms male and female hormones are largely relative, as 
a given hormone affects both male and female organs, but 
one more than the other, and in most cases a given hormone 
can be obtained from both males and females. 



1232 


LX VIII. VITAMINS AND HORMONES 


Androstenediol combines in a marked degree the physiolo^ 
gical properties of both male and female hormones. 

The hormones are probably not present in the free state 
in urine, &c., but combined with glycuronic acid (Bio, J., 
1936, 57, 2250), 

13. Cortin, the hormone of the adrenal cortex, regulates 
and maintains normal quantities of fluid in the vascular 
system. In its absence the normal blood pressure falls and a 
thickening of the blood occurs, due to passage of fluid through 
the walls of the vessel. An increase in red blood corpuscles 
occurs, also an increase in the frequency of heart beats 
accompanied by a diminution in the action of the kidneys. 
A crystalline compound, corticosterone (I), A^-pregnene41 : 21- 
diol-S : 20-dione, which is closely related to hydroxypro- 
gesterone (II), has been isolated. Compound II also shows 
certain cortical activity. 

COCH.OH 



Careful examination of the adrenal cortex has shown the 
presence of at least 24 different steroids closely allied to preg- 
nane or aZfopregnane (allo-lO : 13-dimethyl-17-ethylcyclopen- 
tenophenanthrene (III). For summary, see Rep., 1938, 293. 



The anterior and posterior lobes (A. L. P. and P. L. P.) 
of the pituitary contain numerous hormones. The former con- 
tains growth hormones, the primary sex hormones (gonod- 
tropio hormones), and thyretropic hormones. The hormones 
of the latter (a) raise blood pressure, (b) stimulate contraction 
of the uterus, (c) check diuresis, (d) aid secretion of milk, and 
(e) increase intestinal peristaltic a^vity. 
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C. Plant Hormones or Auxins • 

The bending of plant shoots towards light is due to the 
formation of a plant hormone (Kogl, B., 1935, 16) which is 
known in two forms, A and B. Both are regarded as deriva- 
tives of A^-c^ctopentene. A has -CHMeEt substituents in 



positions 1 and 4 and the long chain •CH(OH)-CH 2 ’CH(OH)- 
CH(0H)*C02H in 2, and B has the same groups in 1 and 4 
but •CH(0H) CH 2 *C 0 CH 2 C 02 H in 2. 

The structure of A is based on the following facts: 

1. When oxidized with permanganate it yields an opti- 
cally active dibasic acid, in all probability a dibasic acid of the 
type C 02 H CHR*CH 2 *CHR'*C 02 H, i.e. a substituted glutaric 
acid, as it yields an anhydride and not a ketone on heating, 
and hence the original ring was a 5 C and not a 6 C ring (cf. 
p. 1 109). It is readily brominated by the Hdl-Valhard-Zelinsky 
method, yielding an aa'-dibromo acid, and from this the corre- 
sponding dihydjoxy acid is formed by the action of moist 
silver oxide, C 02 H-CR( 0 H)-CH 2 -CB'( 0 H)*C 02 H. 

2. The methyl ester of this acid with magnesium methyl 
iodide yields the ditertiary glycol, 0 H-CMe 2 *CR( 0 H)-CH 2 - 
CR'(OH)-CMe2'OH. 

3. On oxidation with lead tetracetate the terminal 
•CMeg’OH groups are split off as acetone and the diketone 
R-CO-CHa-CO-R' is formed. 

4. On hydrolysis the diketone gives only d-a-methyl-butyric 
acid (I) and methyl sec-butyl ketone (II), 



CHMeEt 


CHMeEt 

I 

COOH 


CO 




• 


CH, 

< 

CH, 

n 

CO 


CO 


CHMeEt 


CHMeEt, 


• K6gl, C. and I.. 1938, 49. 
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at once indicating the symmetrical structure of the diketone. 
5, The symmetrical structure of auxin A follows from this, 
.C(CHMeEt)-C 

viz. a 11 structure, and the nature of the 

\C(CHMeEt)-C 

side chain in 2 follows from the fact that it contains a COgH 
and 3 OH groups and does not readily yield a lactone, and 
hence has no OH group on the y-position. 

Urine also contains a hormone heteroauxin which stimulates 
plant growth, and this has been proved to be indolyl-3-acetic 
. C(CHg-COgH). 

acid, CeH 4 <^ /CH. Many animal hormones 

\nh / 


have similar efiects. Kogl has made an examination of deriva- 
tives of indole-carboxylic acid in order to obtain evidence as 
to relationships between structure and physiological activity 
(Rep, 1935, 428). 

The 3-propionic acid exists in d- or i-forms, and the former 
is physiologically about 30 times as active as the i-form. 

It has been shown that ^-indoxylacetic acid, and a-naph- 
thaleneacetic acid in concentration of 1 in 10,000, promote 
root development in woody cuttings of plants. 

Ethylene. — This hydrocarbon is a plant stimulant and 
important in plant metabolism. In minute amounts it favours 
root growth, the curvature of the stem or leaf, and is used 
for colouring and ripening fruits — in fact, acts as a plant hor- 
mone. It is claimed that it is formed during normal plant 
growth and escapes into the atmosphere; it is undoubtedly 
formed during the process of ripening, and 1 part of ethylene 
in 20 millions of air can be detected by the curvature of young 
tomato plants. At high concentration it acts as an anaesthetic 
(Chap. LXV, B.). Other gases which have similar but not so 
marked properties on plant tissues are propylene, acetylene, 
and carbon monoxide. 
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LXIX. FERMENTATION AND ENZYJVIE ACTION 

A. Alcoholic Fermentation 

Lavoisier, 1789, was the first to recognize that alcoholic 
fermentation consists essentially in the decomposition of a 
sugar into alcohol and carbon dioxide; and Gay-Lussac, 1810, 
drew attention to the fact that the presence of air appeared 
to be essential for fermentation and putrefaction to take 
place. The fact that brewers’ yeast is a low form of plant life 
was discovered independently by Cagniard-Latoar, Theodor 
Schwann, and KiUzing, 1837. By microscopical examination 
they observed the growth of the organism, and showed that 
it could be destroyed by heat or by certain poisons. These 
results were not accepted by Berzelius, Liebig, and others, 
who still regarded yeast as a chemical substance without life. 
According to Berzelius, the yeast acted as a contact substance 
which decomposes the sugar without undergoing change itself; 
whereas Liebig regarded the ferment as an extremely sus- 
ceptible substance which undergoes a change of the nature 
of decay, and suggested that the decomposition of the sugar 
was a type of sympathetic reaction induced by the change of 
the ferment. In 1857 Pasteur began his researches on fermen- 
tations. He was able to show that in other cases of fermen- 
tation, such as the lactic fermentation of milk, micro-organisms 
are present. He was further able to show that during alcoholic 
fermentation the yeast grows and multiplies, and was led to 
the conclusion that fermentation is a physiological process 
accompanying the life of the yeast. 

In his own words: “I am of opinion that alcoholic fer- 
mentation never occurs without simultaneous organization, 
development, multiplication of cells, or the continued life of 
cells already formed." This conclusion harmonized with the 
facts already known that boiled liquids could be kept from 
fermenting by heating, or filtering through cotton wool, the 
air admitted to the liquid. 

It was Pasteur who proved that only 95 per cent of the glu- 
cose is accounted for as carbon dioxide and alcohol ; he was able 
to isolate glycerol and succinic acid from the final products. 

As early as 1858 M. Traube expressed the view that all 
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fermentations produced by living organisms are ultimately 
due to protein-like ferments, wiiich are definite chemical sub- 
stances manufactured in the cells of the organism. Traube's 
conclusions were verified in the case of alcoholic fermentation 
by Buchner's isolation of “ zymase ” from yeast (see p. 85). 
Buchner's yeast juice, when quite free from yeast cells, can 
ferment solutions of glucose, fructose, sucrose, and maltose. 
The fermenting power is not destroyed by the addition of 
chloroform, benzene, or sodium arsenite, antiseptics which 
inhibit the action of living cells, by filtration through a Berke- 
feld filter, by evaporation to dryness at 30®-35°, or by pre- 
cipitation with alcohol. The fermenting power is, however, 
completely destroyed by heating to 50°, or by the addition 
of powerful antiseptics. The activity of the juice diminishes 
with time, as a proteolytic enzyme is also present which 
gradually decomposes the zymase. Both in rate of fermen- 
tation and in the total fermentation produced, the extract or 
juice is much less eflftcient than the equivalent amount of 
living yeast, and glycerol is formed as a by-product ^hen the 
extract is used. During fermentation a portion of the sugar 
is converted into a compound of less reducing power which is 
not fermented, but which yields sugar when hydrolysed with 
acids. Permanent preparations containing zymase can be 
obtained by evaporating the juice to a syrup at 20° -25°, 
drying at 35°, and then exposing to sulphuric acid in a vacuum 
desiccator. Such a powder when dry retains its activity for 
twelve months, and can be heated at 85° for eight hours with- 
out any serious loss of fermenting power. Another preparation 
can be obtained by bringing the juice into 10 volumes of ace- 
tone, centrifuging, washing the precipitate with acetone and 
then with ether, and drying over sulphuric acid. An impor- 
tant medicinal preparation known as zymin is manufactured 
by stirring moist yeast with acetone, filtering and draining 
at the pump, again mixing with acetone and draining. The 
product is then roughly powdered, kneaded with ether, filtered, 
drained, and spread on filter paper or porous plates, and finally 
dried at 45° for twenty-four hours. This product is quite 
incapable of growth or reproduction, but produces fermen- 
tation and is much more active than yeast extract. 

The researches of Harden and Young (Abs., 1905, ii., 109; 
1906, i., 470) indicate that the activity of yeast juice or ex- 
tract is due to an enzyme and a co-enzyme, wUch can be 
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separated by filtration or dialysis through a Martin gelatin 
filter; the residue contains the enzyme and the filtrate or 
dialysate the co-enzyme. Neither by itself can induce fer- 
mentation, but a mixture of the two is equal in activity to 
the original juice. The co-enzyme is dialysable, and is not 
destroyed by boiling, but disappears from yeast juice during 
fermentation, or when the juice is allowed to undergo auto- 
lysis. It cannot be a protein, and its nature has not yet been 
determined. It is decomposed by acid or alkaline hydrolysing 
agents, by repeatedly boiling the extract, and also by the 
lipase of castor beans. In the case of other fermentations 
brought about by enzymes, e.g. lipase, it has been demon- 
strated that both enzyme and co-enzyme are necessary, and 
also that the co-enzyme is a salt of the complex taurochloric 
acid (p. 227). For other co-enzymes, cf. C.I., 1942, 388. Harden 
and Young (Abs., 1908, i., 590; Bio. J., 1927, 1216) have also 
shown that phosphates added to a mixture of glucose and yeast 
juice produce both an initial acceleration and also an increased 
total fermentation. Am optimum concentration of phosphate 
exists which produces a maximum initial rate of fermentation ; 
an increase beyond this optimum diminishes the rate. The 
reaction between the glucose and phosphate is represented by 
the following equations: 

2COj + 2 C 2 H.O + C.HjoO.fPO.NajIa + 2HjO 
and C,H„ 04 (P 0 ,Na,), + 2H,0 ■* C.H.jO, + 2 Na,HP 04 . 

According to the first a hexose-diphosphoric acid is formed, and 
this is then hydrolysed by the water and yields sodium phos- 
phate, which can then react with a further quantity of glucose. 
These conclusions are supported by the following facts. Careful 
experiments have shown that during the peri^ of increased 
fermentation the amounts of alcohol and carbon dioxide pro- 
duced exceed those which would have been formed in the 
absence of added phosphate by a quantity exactly equivalent 
to the phosphate added in the ratio CgH^jO : Na 2 HP 04 . (Com- 
pare also Iwanoffy Abs., 1909, 1, 752.) It has been proved that 
the metallic phosphate is not the co-enzyme already mentioned, 
as the filtered enzyme and phosphate are not capable of induc- 
ing fermentation in the absence of the filtrate. Fermentation 
does not proceed in the absence of phosphate although both 
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enzyme and co-enzyme are present, and although arsenates 
and arsenites have accelerating actions on the rate of fer- 
mentation they cannot be used in place of the phosphate. 
The function of the arsenate or arsenite appears to be to act 
as accelerators in the decomposition of the glucose phosphate. 
Shtor finds that phosphates have not an accelerating effect 
when living yeast cells are employed. He has estimated 
(J. C. S., 1906, 89, 128; 1908, 93, 217) the amounts of carbon 
dioxide evolved during given periods of time when yeast 
itself is used, and finds that the rate of fermentation is exactly 
proportional to the amount of yeast present, and is almost 
independent of the concentration of the glucose. 

Several hexose-phosphates have been isolated; these in- 
clude: 

1. Harden and Young's diphosphate, viz. 1 : 6-fructo- 
furanose diphosphate. It accumulates in minced muscle on 
inoculation with glycogen in presence of fluorides or iodo- 
acetic acid. 

2. Robinson's glucopyranose-G-monophosphate, also isolated 
from yeast juice. 

3. Neuberg's fructofuranose-6-monophosphate by partial 
hydrolysis of 1 (1918). 

4. Cari's phosphate (1936) from washed minced muscle 
and probably glucopyranose-l -phosphate. 


1 
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2 and 3 tend to pass into an equilibrium mixture containing 
30 per cent of 3 and 30 of 2, and is sometimes termed Embden's 
hexosephosphate . 

Other complex phosphoric acids play an important part 
in animal physiology; two of these have been isolated, viz. 
creatinephosphoric acid and argininephosphoric acid, usually 
termed Phospliageiui. The latter is hydrolysed on contraction 
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of a muscle and is leformed during the aerobic recovery phase. 
For summary of function of organic phosphates in the con- 
version of glucose and glycogen into pyruvic acid, &c., cf. 
Ochoa, C. and I., 1^8, 720. 

A yeast which can ferment glucose does not necessarily 
ferment an isomeric sugar, e.g, galactose; it is probable that 
different enzymes are required for the different sugars. 

Alcoholic fermentation can take place in three different 
ways according to conditions: 

(а) Normal in fairly acid media; over 90 per cent yields 

-> 2C,U, OH 4 2CO„ 

probably through stages (cf. below). 

(б) In the presence of sulphites, 

CeH,,Oe -> C 3 H,(OH )3 4 CH 3 CHO 4- CO*. 

(c) Under feebly alkaline conditions, e.g. in presence of 
NallCOs, 

tiO.VLnO, + H*0 2 C,H 3 ( 0 H )3 -h 2CO* + C.H^OH 4 CH 3 CO 3 H. 

The fermentation of glucose undoubtedly consists of a whole 
series of chemical reactions; at present we know the sub- 
stances we start with and the final products obtained. Several 
suggestions have been made with regard to the nature of some 
of the intermediate products. Buchner and Meisenheiiner (B., 
1905, 620) have suggested that lactic acid (p. 246), a pro- 
duct also formed in muscle tissue by oxidation of the sugar 
glycogen, is first formed by the action of zymase on glucose, 
and that a second enzyme, lactacidase, then decomposes the 
lactic acid into ethyl alcohol and carbon dioxide; cf. Bio. Z., 
1922, 128 , 144; 132 , 165. This suggestion was based on the 
fact that a concentrated solution of glucose with alkali yields 
about 3 per cent of alcohol on exposure to sunlight, whereas 
a more dilute solution under similar conditions gives a 50-per- 
cent yield of lactic acid. 

Another suggestion is that dihydroxy-acetone, CO(CH 2 -OH) 2 , 
is an intermediate product, and it has been proved that this 
compound can be fermented by yeast {Buchner and Meisen- 
hdmer, B., 1910, 1773; Lebedew, 1911, 2932; compare also 
Franzen and Steppuhn, ibid. 2915). The formation of di- 
hydroxy-acetone and glyceraldehyde from d-fructose is readily 
explicable, as the latter is formed by the condensation of the 
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former compounds under certain conditions (p. 354), and in 
all probability the reaction is a reversible one. It has also 
been suggested that glyceraldehyde, by the loss of water, 
yields the enolic form of methyl-glyoxal, CH 2 :C(OH)-CHO 
and from methyl-glyoxal either lactic acid or even alcohol 
and CO 2 can be formed by the addition of water. It is im- 
probable that methyl-glyoxal or lactic acid are important 
intermediate products in the process of alcoholic fermen- 
tation, as they are unacted upon by yeast and yeast juice 
(Slater, and Buchner, and Mdsenheimer). 

Neuberg, 1911, has shown that yeast contains an enzyme, 
carboxylase, which is capable of eliminating CO^ from a- 
ketonic acids, and suggests that pyruvic acid (p. 256) is an 
intermediate product in the formation of alcohol, the carboxy- 
lase decomposes the pyruvic acid into acetaldehyde and COg, 
and the aldehyde is reduced by the yeast to ethyl alcohol. It 
has been proved that the addition of pyruvic acid to the 
fermenting liquor in the presence of glycerol, which may act 
as an enzyme preservative, increases the yield of alcohol, and 
it is also known that yeast contains enzymes capable of re- 
ducing aldehydes (p. 727). 

More recent work by Embden and by Meyerhoff (Bio. Z., 
1933, 260 , 417 ; 264 , 40) supports the view that pyruvic acid 
is an important intermediate, but proves that methyl-glyoxal 
is not formed. The work emphasizes the importance of hexose- 
phosphates in the changes, which can be represented as re- 
curring in the stages: 

(1) Glucose glucose diphosphate (cf. p. 1238). 

(2) Glucose diphosphate -f glucose 4- phosphoric acid -> 
glyceraldehyde monophosphate, 

C.H,e 04 {Pd 4 H,), -f CeH^O* + 2 H,r 04 

4Cli,(P04H,) CH{OH) OHO + 2 H 4 O. 

(3) The glyceraldehyde phosphate yields the monophos- 
phates of glycerol and glyceric acid, 

2Cja[,(P04H,)*CH(0H) CH 0 CH,(P04H,) CH(0H) CH, 0H 

-f CHj,(P 04 Hj) CH(0H) C0jH. 

(4) The latter yields pyruvic and phosphoric acids, 
CH 4 (P 04 H,) CH{ 0 H) C 0 ,H CH* CO CO*H HjPO*, 
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(5) With carboxylase the pyruvic acid yields acetaldehyde 
and carbonic anhydride (cf. above). 

(6) In normal (acid) alcoholic fermentation the acetalde- 
hyde reacts with glyceraldehyde monophosphate (cf. 2), yield- 
ing by addition of water ethyl alcohol and glyceric acid mono- 
phosphate, 

CH,(P 04 H 2 ) CH(0H) CH0 -I- CH 3 CHO + H 3 O 

-> CH3(P04H,) CH(0H) C02H 4- CH 3 CH 3 OH. 

The actual formation of acetaldehyde during fermentation 
can be proved by adding a compound which can fix aldehydes, 
e.g. bisulphite or dime thyldihydro resorcinol. 

Of the by-products mentioned on p. 85, glycerol is formed 
from the sugar, as Buchner and Meisenheimer have shown that 
it is also formed when yeast extract or zymin acts on sugar 
solutions. As stated on p. 229, the yield of glycerol can be 
increased to 25 per cent or more of the weight of the sugar by 
using suitable yeasts in the presence of sodium carbonate or 
sulphite. The fusel oil and succinic acid, on the other hand, 
do not owe their origin to the sugar, but to other products 
present in the mixture undergoing alcoholic fermentation. 
The researches of F, Ehrlich (1904-10) prove that the alcohols 
and also the aldehydes present in ordinary fusel oil are de- 
rived from the amino-acids formed by the hydrolysis of pro- 
teins. Thus isoamyl alcohol, one of the chief constituents of 
fusel oil, is closely related to leucine (a-amino-isohexoic acid), 
and active amyl alcohol to isoleucine (a-amino-jS-methyl- 
valeric acid), both of which are formed by the hydrolysis of 
proteins, and according to Ehrlich both these acids are trans- 
formed into the corresponding amyl alcohols under the in- 
fluence of pure yeast cultures, in the presence of sugar; 

(CH,) 3 CH CH 3 CH(NH,) C0,H -f H,0 

-> {CH 3 ),CH-CH, CH 3 0H 4- CO 3 4- NH,. 

These changes, although brought about by yeast, do not 
occur when zymin or yeast extract is used. Other amino- 
acids undergo a similar decomposition : tyrosine (p. 526) yields 
p-hydroxy-phenyl-ethyl alcohol, tyrosol, OH*CeH 4 *CH 2 ‘CH 2 * 
OH, and phenyl-alanine (p. 621) gives phenyl-ethyl alcohol. 

The ammonia is not found at the end of the reaction, as it 
is used up by the organism for the purpose of building up 
new protein molecules. If appreciable amounts of simple 
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nitrogenous substances, such as ammonium salts, are originally 
present in the fermenting liquor, the organism uses these in 
preference to decomposing the amino-acids; and Ehrlich has 
found it possible to increase or diminish the amounts of fusel 
oil formed, by diminishing or increasing the amounts of am- 
monium salts present at the beginning of the fermentation, 
and also to increase the fusel oil by the addition of larger 
amounts of amino-acids to the fermenting mixture (of. 
Chap. LXI, A., Eubber). Practically all amino-acids formed by 
the hydrolysis of proteins can undergo similar decomposition 
by yeast, but only in the presence of sugar. The succinic 
acid found as a by-product in alcoholic fermentation is prob- 
ably formed in a similar manner from glutamic acid. 

According to Neuberg and Fromherz (1911), ketonic acids 
are probably formed as intermediate products in the fermen- 
tation of amino-acids to alcohols ; and Neuberg has been able to 
show that many a-ketonic acids, e.g. pyruvic, CHg-CO-COgH, 
and oxalacetic, COgH-CHg-CO-COgH, are readily decom- 
posed by yeast even in the absence of sugar, yielding carbon 
dioxide and aldehyde (cf. p. 1240). With a 1 -per-cent solu- 
tion of pyruvic acid the decomposition is almost as rapid as 
with a sugar solution, 

Pasteur's view that yeast will thrive in a solution of glucose 
with small amounts of suitable salts, such as ammonium salts 
and phosphates, holds good for wild yeasts only. A highly 
cultivated yeast requires the addition of a small amount of 
wort, which contains the hormone bios^ which has since been 
shown to be a mixture of meso-inositol, aneurin (Chap. LXVIII, 
A.), and a compound biotin, probably Ci^HigOgNgS. 

In alcoholic fermentation the percentage of alcohol cannot 
exceed a maximum of 14 per cent, but if the conditions are 
such that the alcohol is removed as it is formed, e.g. con- 
tinuous washing with amyl alcohol, higher concentrations of 
glucose can be used and the whole fermented. 

With the wild yeast Torula uliUs in presence of air, alcoholic 
fermentation does not occur but oxidation, and the sugar 
yields CO^ and HgO. 

Of all the known hexoses — natural and synthetic — only 
four are fermentable by yeasts, viz. the d-forms of glucose, 
mannose, galactose, and fructose, all of which occur in nature. 

A species of yeast which ferments one of the three, viz. 
glucose, mannose, and fructose, will ferment the other two, 
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and at approximately the same rate and with the same tem- 
perature coefficient. Characteristic of the four sugars men- 
tioned is the common enolic form: 

CHOH 
C*OH 
HOCH 
HCOH 
II C OH 
Cll,OH. 

In fermentation probably the same hexose-phosphate is 
formed in all four cases. 

Methyl glucoside, glucosone, gluconic acid are not ferment- 
able, and it is not possible for them to yield the enolic form 
given above. 

Galactose is fermented much more slowly, and certain 
yeast species will not ferment it at all. Talose and tagatose 
(a ketose), although they contain the same configuration as 
galactose with respect to C atoms 3, 4, and 5, are not fermented. 
No pentose is fermentable by yeast, nor yet any synthetic 
tetrose, heptose, or octose, whereas a synthetic nonose obtained 
by cyanhydrin synthesis from mannose and a keto-triose 
(dihydroxyacetone) is. 

T}^s of other fermentations have already been referred 
to (cf. pp. 174, 177, 246). 

B. Fermentations by Bacteria 

Butyl alcohol fermentation of starch, usually in the form of 
maize mash, by means of a bacterium termed Clostridium 
acetobutylicum. The products are w-butyl alcohol, acetone, 
carbon dioxide and hydrogen, and the proportions roughly 
those represented by the equation: 

2C4H, 0H -H (CH3),C0 + 700* + 4B^ + H,0, 

the primary products are probably acetic and butyric acids 
and oxygen, which oxidizes the butyric to acetoacetic acid and 
hydrogen, or there is simultaneous oxidation and reduction 
of two molecules of butyric acid by 2 H 2 O, i.e. 4H + 20. (For 
details of process, ^ Ind. Eng., 1927, 46» 1147.) 
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Bacteria are much more sensitive to deterioration than 
yeasts, and hence fresh cultures must be used, and all foreign 
organisms in the medium must be destroyed by sterilization 
before adding the organism. The optimum temperature is 
37-5®, with 4r-3, and the fermentation is complete in 2-3 
days. The yields of products can be altered by the addition 
of suitable acids or bases to the mash, e.g. addition of calcium 
carbonate favours the formation of butyric and acetic acids. 
The hydrogen, after washing and removal of COg by solution 
in water under pressure, is remarkably pure and can be used 
for purposes of catalytic hydrogenation (Chap. XLIX, A.), or 
a mixture of the two gases can be catalytically converted into 
methanol (Chap. XLIX, B.), CO^ -f 3Ha-> CHg-OH -i- H^O. 

By using C. Pasteurianum (Winogradsky) a 32-per-cent 
yield of products is obtained containing acetone 8, n-butyl 
alcohol 67, and ethyl and isopropyl alcohols 25 per cent. 

Cellulose Fermentation. — Cellulose can be fermented by 
certain heat-resistant organisms obtained from steaming stable 
manure. They grow most rapidly at 60°-68° and, according 
to Langwell (C. and I., 1932, 988), by varying the conditions 
the following products can be obtained: acetic acid, butyric 
acid, lactic acid, alcohol, hydrogen, carbon dioxide, methane. 
Under suitable conditions the yields of acetic and butyric 
acids can reach 58 per cent of the dry cellulose used, and the 
method can probably be utilized for the manufacture of acetic 
acid. 

According to Harden (J. C. S., 1901, 610), Bacillus coli 
communis ferments glucose, fructose, or mannitol, yielding 
lactic, succinic, and acetic acids, alcohol, formic acid, carbon 
dioxide, and hydrogen. The main reaction can be represented 
by the equation: 


2CeH,20, + H*0 - 2C,H«08 + + CJI«0 -f 2CO, -f 2H.. 

With glucose the weight of lactic acid is practically 60 per 
cent of the sugar, and the alcohol and acetic acid are formed 
in equal amounts. The alcohol probably comes from the 
group CH 2 ( 0 H)*CH( 0 H), and as this group occurs twice in 
the molecule of mannitol the yield of alcohol is much greater 
when this compound is used. The lactic acid is probably 
derived from the CH(OH)-CH(OH)-CH(OH) grouping, J9. 
typhosus yields similar products, except that it gives formic 
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acid instead of carbon dioxide and hydrogen (Abs., 1906, II., 
380). 

O^diziBg Bacteria. — B, xylinum (sorbose bacterium) oxi- 
dizes certain aldoses to aldonic acids, (*CH:0 ‘CO'OH), e.g. 
glucose, galactose, xylose, and arabinose. It can also oxidize 
certain alcohols to ketoses, (•CH{OH)* -CO*), e.g. mannitol 

to fructose and sorbitnl to sorbose, also erythritol and arabitol, 
but not dulcitol or xylitol. The •CH(OH)’ oxidized must be 
adjacent to •CH2-0H on one side and to another •CH(OH)* 
on the other, so that the two OH groups are ds to one another. 
Strains of aceto-bacterium can also bring about oxidation of 
aldoses. B, mesentericum can oxidize mannitol to mannose 
and dulcitol to galactose. Gluconic acid is now manufactured 
from 25-per-cent glucose solutions containing small amounts 
of nitrogenous compounds by B. oxydanSy B. acetiy and other 
varieties at 15°-35®, and the yield can reach 100 per cent. 
Dihydroxyacetone, OH*CH 2 *CO-CH 2 *OH, is formed in large 
quantities by the oxidation of glycerol with B. suboxydans in 
15-pcr-cent solution with strong aeration and a pa value 6-5, 
falling to 4*5 at 30®. 


C. Fermentations by Moulds * 

Examples of oxidative changes are acetates to oxalates by 
Mucor stolonifer; glucose to gluconic or citric acid by Asper- 
gillm nigety Pmicillium luteuniy and particularly P. purpuro- 
genum at 3®~15®. Citric acid is now produced on a large scale 
by the action of A. niger on glucose solutions (20 per cent) 
containing nutrient salts with the addition of calcium carbonate. 
In one factory some nine acres of the mycelium are kept in 
operation. The yield is as high as 87 per cent, but the fer- 
menting power of the organism decreases with time and must 
be revived by growth on a suitable nutrient medium. The 
various chemical changes have not been determined. 

An extremely interesting reaction is the reduction of glucose 
to d-mannitol by means of species of Aspergillums, with yields 
of 50 per cent of the sugar fermented. When reduced chemi- 
cally glucose yields, as a rule, the stereoisomeric sorbitol. 

Several cyclic compounds, e.g. kojic acid, 5-hydroxy-2- 


• Clutterbucky J. S. C. I., 1936, 66 T. 
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hydroxymetliyl-y-pyrone (I); y-methyltetronic acid (II), and 
derivatives of y-tetronylacetic acid (III), are formed from 


/C(CH,OH);CH\ 

I 0( >CO 

^CH ---^--C(OH)/ 


III q/ 


CO- 


~CH 


CH(CH2 CO*H) C OH 


n 


< 


OC CH 

CHMeCOH 


mono- and poly-saccharides with species of Aspergillus^ and 
No. Ill with Penicillium Charlesii, The last are interesting 
as they are related to ascorbic acid (Chap. LVI, E.). 

Numerous aromatic compounds, including hydroxyanthra- 
quinone pigments, can be formed with the aid of species of 
Penicillium, Aspergillus, and Hdminthosporum, e.g. 2-methyl- 
4:5: 8 -trihydroxyanthraquinone (helminthosporin) ; with the 
aid of H, gramineum, which is the cause of leaf-stripe disease 
of barley. P. griseofulvium yields 6-hydroxy-2-methylbenzoic 
acid and gentisic acid (2 : 5-dihydroxy benzoic acid), and P. 
brevicompactum yields 3 : 5-dihydijoxyphthalic acid. 

Moulds are capable of synthesizing poly-saccharides from 
hexoses, e.g. A. niger and P. variaUle yield mould starch, 
species of Aspergillus form glycogen, and P. Charlesii yields 
polygalactose and polymannose. 

Moulds can also synthesize fats, complex fatty acids, and 
sterols. Ergosterol (Chap. LXII, C.) is now manufactured by 
these organisms. 

Methylation by Moulds. — The investigations of Challenger 
and his co-workers (J. C, S., 1933, 95; 1934, 68 ; 1935, 396; 
1936, 264; C. and I., 1935, 657; 1936, 155, 900; 1937, 838) 
show that media containing starchy material and inorganic 
or organic derivatives of arsenic or selenium or aliphatic mer- 
captans or disulphides can, in the presence of P. brevicaule, 
yield trimethylarsine or methyl derivatives of Se and S; thus 
EtSH yields EtMeS, and (EtS )2 yields MeEtS. The poison- 
ing caused by damp wallpapers containing arsenical pigments 
is due to the formation of AsMcg and not ASH 3 as first suggested. 
When ethylarsenic acid is present the product is EtMegAs. 
It is suggested that the methylation may be due to the for- 
mation of CHoiO or C 02 H-CH 0 (glyoxylic acid) by the de- 
amination of glycine, 

NH,'CH, CO,H + O NH, + CHO CO,H. 
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Methylations can also occur in the animal system; thus 
pyridine and quinoline are respectively converted into methyl- 
pyridinium and methylquinolinium hydroxides in the dog, 
probably through the agency of glyoxylic acid. Nicotinic 
acid (I) yields trigonelline (II): 



IT 
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D. Enzyme Action* 

Attention has been drawn several times (pp. 85, 946) to 
the fact that chemical decompositions can be brought about 
by certain complex organic substances found in animal and 
plant tissues. Such substances are termed unorganized ferments 
or enzymes. 


1. CLASSIFICATION OF ENZYMES 

1. Hydrolytic enzymes. 

(а) Proteolytic or protein splitting enzymes, e.g. pepsin, 
trypsin, proteases. For further classification, cf. this Chap., 2. 

(б) Lypolitic or fat splitting enzymes, e.g. lipase and esterase. 

(c) Carbohydrate splitting, e.g. sucrase (invertase), maltase, 

lactase, and glycoside splitting enzymes, e.g. amygdalin. 

{d) Amylotic or starch splitting, e.g. amylme (diastase). 

2. Coa^ating enzymes, e.g. thrombose (thrombin) which 
assists the clotting of blood, and rennin which causes the 
clotting of milk. 

3. Oxidizing enzymes, e.g. oxidases and dehydrogenases, 

4. Reducing enzymes {reductases), e.g. yeast can reduce 
acetaldehyde to alcohol and citral to geraniol. 

5. Enzymes which evolve carbon dioxide without using free 
oxygen, e.g. zymase f and carboxylase which evolves COg 
from pyruvic acid. 

6. Splitting enzymes which break down a large into smaller 
molecules, e.g. the enzyme which produces lactic acid from 
glucose. 

• BmytM Chemistry, Tauber, London, 1937. Biological Oxidation, Oppen- 
h^ner, Stem and Roman, The Hague, 1939. 

t Both require a co-enzyme. The co-carboxylase has been shown to be 
ft pyrophosphoric eater of ftneurin, vitamin B1 (Chap. LXVIII, A.). 
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7. Enzymes causing molecular rearrangement (= jnutases). 

The name given to a particular enzyme ends in ase^ and 
usually indicates the compound it can decompose. It fre- 
quently has a prefix indicating its origin, e.g. malt amylase 
(old name, diastase), indicating an enzyme which can hydro- 
lyse starch and derived from malt. 

The enzymes are of complex colloidal nature, and a solution 
consists of a dispersion of colloidal particles throughout the 
liquid phase. Thus they are a type of heterogeneous catalyst, 
and the action takes place at the intersurface between the 
colloidal enzyme and the substrate solution. Probably no 
enzyme has been isolated in a pure state. They can be concen- 
trated by processes of dialysis to remove crystalloid impurities, 
by fractional precipitation, and also by selective absorption 
on electro-positive material, e.g. Al 1 (OH) 3 , or electro-negative 
material, e.g. kaolin, and by such methods products with a 
high degree of activity can be obtained. In some respects 
they resemble the inorganic metallic and metal oxide catalysts. 
They are sensitive to heat, much more so than the inorganic 
catalysts, and each enzyme has a characteristic optimum 
temperature. For most enzymes this lies between 25® and 38°, 
but a few which decompose cellulose have an optimum of 
68°~70°. As a rule there is little activity at 0°, and in most 
cases activity is destroyed by raising the temperature to 70°- 
100°, probably due to the coagulation of the enzyme, i.e. the 
destruction of the interface. Enzymes can be poisoned. They 
are fairly resistant to certain antiseptics which kill fermenting 
organisms, but their activity can be destroyed by stronger 
agents such as formaldehyde. These are spoken of as anti- 
enzymes. In the living body an enzyme often forms anti- 
enzymes, which tend to oppose the action of the enzyme, and 
even proteins will retard the action of some enzymes. There 
are other substances which act as stimulants or promoters — 
usually termed co-enzymes — and one of these has been de- 
scribed in connexion with zymase. 

The selective character of enzymes is far more pronounced 
than that of inorganic catalysts; the activity of a given enzyme 
may be restricted to a group of allied compounds or even to 
a single substance, and in this respect they ^ffer from mineral 
acids, which act as general catalysts. An example of the former 
type is lipase (from castor seeds or liver), which hydrolyses 
glycerides and many types of esters but cannot hydrolyse 
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complex carbohydrates. Maltase is of the latter type, as it 
hydrolyses maltose but not sucrose. (See also Proteolytic 
Enzymes.) Even a slight difference in the configuration of two 
isomeric substances is sufficient to affect their reactivity with 
a particular enzyme, e.g. the two methyPglucosides (pp. 340 
and 911) which are represented by the spatial formulae: 

OH H OH H 


H 

X - 

.c\ 11 


H 

OH' ’ ,,, 
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<- (1) 

HO 


0^ (X:h, 


CH.Oll 
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OCH3 
C (1) 


O H 




the only difference being the arrangement of the H and OCH3 
attaclied to the carbon atom (1). Of these two compounds 
the a can be hydrolysed by maltase but not by emulsin, and 
the p by emulsin but not by maltase, and hence the names 
a and ^ glucase are sometimes used for the two enzymes 
maltase and emulsin. So specific are the activities of the 
hydrolysing enzymes that practically each di-, tri-, or poly- 
saccharose has its own enzyme, which frequently accompanies 
it in the plant or animal tissue. The enzyme does not always 
exist as such in the tissue ; sometimes it is present as a zymogen 
which forma the enzyme in presence of a suitable reagent, 
usually an acid. 

Inulase hydrolyses inulin; cellulase (or cytase), cellulose; 
lactase, lactose; melibiase, melibiose, &c. 

Similarly, each of the natural glycosides described in Chap. 
LVI, F., is accompanied in the plant by its own enzyme; 
and as most of them are hydrolysed by emulsin but not by 
maltase, they are regarded as analogous to the jS-methyl- 
glucoside, with complex radicals in place of the methyl group. 
Maltose, on the other hand, is an a-glucoside resembling the 
a-methyl compound in configuration. Invertase is probably 
a mixture of two enzymes, one of which is attracted to the 
glucose and the other to the fructose portion of the sucrose 
molecule. A biose need not necessarily be hydrolysed to a 
monose before fermentation by yeast, since maltose can be 
fermented by maltase free yeast. Alkylglycosides derived 
from non-fermentable sugars, e.g. pentoses and heptoses, are 
not attacked by either a- or jS-glucase. 

( B 480 ) 


4t 
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The hydrogen ion concentration of the substrate is an 
important factor, and for each enzyme a critical concentration 
exists and is denoted in terms of jOg, i.e. the log of the recip- 

rocal of the H concentration. For pure water H == OH ~ 

1/10^ i.e. the for water is 7-07. For acid media, i.e, 

+ 

high H concentration, the values of between 7*07 and 0, 
and for alkaline media between 7*07 and 14*14. 

Theoretically a small amount of an enzyme should be 
capable of decomposing unlimited amounts of substrate; the 
relative proportions are very high, e.g. 1 : 4 millions, but is 
not unlimited, as the enzyme itself, probably a protein deriva- 
tive, undergoes hydrolysis and hence its concentration 
diminishes, and, at the same time, the products of hydrolysis 
tend to retard the reaction and to produce a state of equi- 
librium, as the reaction, in most cases, is reversible. 

A few only of the enzymes have been obtained crystalline, 
viz. urease, pepsin, and trypsin, and these show many of the 
properties characteristic of proteins. It has been suggested 
that each enzyme has two characteristic groups: one of these 
facilitates the union between enzyme and substrate, and the 
other causes the splitting of this compound into enzyme and 
decomposition compounds. 

2, PROTEOLYTIC ENZYMES 

I. Proteinases or Endopeptidases. As a rule these hydrolyse 
only relatively complex proteins and not simpler polypeptides. 

Pepsin^ secreted by stomach. 

Trypsin, secreted by pancreas: probably several. 

Cathepsin, an intercellular enzyme in liver and kidney. 

Papain, present in fruit of Carica papaya (papaw tree). 

Bromdin, present in pineapple. 

Characteristic of these is they split complex peptides in the 
middle of the chain and at peptide links. 

II. Peptidases or Exopeptidases. 

(a) Hydrolyse -CO-NH*, but not •CO*N< grouping. 

(1) With an additional activating group near the peptide 
link, e.g. 

Ca/rlmypeptidases, from pancreas, yeast, and moulds. Amino- 
peptidases, from intestinal mucosa, yeast, and moulds. 

(2) With two activating groups near the neptide link, e.g 
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Prolinase, from intestinal mucosa and yeast. Dipeptidase, from 
the same, also liver, kidney, and moulds. 

(6) Hydrolyse •CO-N<, but not ‘CO'NH* grouping. 

Characteristic of the proteinases is the fact that they can 
hydrolyse (split) at a peptide link with no COgH or NHg 
adjacent to it; in fact, the presence of such groups hinders 
fission {Bergmann and others, J. biol. C., 1935, 111, 225; 
1937, 117 , 189; 118 , 405). With a carboxypeptidase it is 
essential that a peptide link in the protein should have an 
adjacent COgH group, and fission occurs at the peptide link 
adjacent to this group. Similarly, an amino group is essential 
for an aminopeptidase to function, and fission occurs at the 
peptide link nearest to this amino group, e.g. 

C4H,CH(NH,)CONHCH,CONHCHaCO,H. 

Fission occurs at the point indicated, whereas with a carboxy- 
peptidase it would occur at the other peptide Hnk, viz. adjacent 
to the COgH. A polypeptide of the type CH 3 CH(NH 2 )*CO- 
NMe-CHg'CO'NH'CHg'COgH is not hydrolysed by amino- 
peptidases owing to the presence of the NMe group in place 
of NH. 

Prolinase will hydrolyse I and another prolinase can split II : 

CH, CHa-Cir^ 

1 CH, CH OO NH CHa-COjH II CH, CB CO.B 

\/ 

NH N CO CH(NHa) CH,. 

A dipeptidase will split dipeptides only, and requires both 
a free COgH and a fiee NHg group, and requires H atoms 
attached to the C atoms a to both COgH and NHg and also 
to the N of the peptide link, e.g. NHg-CHR'-CO-NH-CHE-COgH, 
and the peptide must be of the type where the a NHg group 
of one molecule forms the peptide link with the a COgH group 
of another molecule. If the NHg or COgH is not a to the pep- 
tide Hnk, splitting does not occur, e.g. j8-J-aspartyl-Z-tyrosine, 

C08HCH(NH,)CHaC0NHCH(C0,H)CH,C4H40H. 

It is essential that the amino-acids forming the dipeptide 
should be the same optically active forms as occur in nature. 
If built up of the enantiomorphs, fission does not occur. 
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Many of the older enzymes, e.g. the diastase of malt (p. 86), 
have been shown to be mixtures; thus this enzyme contains 
at least three components, viz. o-amylase, jS-amylase, and a 
phosphatase; the last of these hydrolyses the small amounts 
of phosphate ester groups, producing liquefication but does 
not form sugars. The a-amylase attacks the middle of the 
starch molecule, forming products of medium size, whereas the 
)8-amylase attacks the ends of the molecule, splitting ofi mal- 
tose step by step. 

3. SYNTHETIC FUNCTIONS OF ENZYMES 

In the majority of cases the enzyme action is reversible, 
so that a disaccharide can be synthesized from a hexose by 
means of certain enzymes, and a lipase can not only promote 
the hydrolysis of a glyceride but can also build it up from 
fatty acid and glycerol. The process of hydrolysis is thus 
a balanced reaction, although in the majority of cases the 
equilibrium is mainly in the direction of analysis and not syn- 
thesis, and synthesis is favoured by using only small amounts 
of water. The synthesizing activity of an enzyme was first 
demonstrated by Croft^Hill (J. C. S., 1898, 634; 1903, 578) 
in the case of maltase. The greater portion of the maltose is 
hydrolysed to glucose, but a certain proportion of disaccharide 
is always present, and in a solution of glucose maltase can 
produce a certain amount of a disaccharide, revertose> which 
at first was thought to be maltose, but has since been proved 
to be isomeric and probably a mixture {Georg and Pictet^ 
Helv., 1926, 612). The formation of starch in plant and glyco- 
gen in animal tissues is probably largely due to the activities 
of synthesizing enzymes; and Potterin has succeeded in syn- 
thesizing a triolein, one of the common constituents of natural 
fats, by means of a lipase. 

Bourguelot and his co-workers (Annales, 1913 (viii), 28, 145) 
have synthesized numerous jS-glucosides and jS-galactosides by 
means of jS-glucase (emulsin). As the reaction is reversible, it 
is advisable to reduce the amount of water and to work in the 
presence of an appreciable excess of alcohol or other hydroxylic 
compound which is to form the glucoside with the dextrose. 
The following ^-compounds have been synthesized: methyl- 
glucoside, geranylglucoside, cinnamylglucoside, and benzyl- 
glucoside, most of which are definite crystalline compounds 
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which are readily hydroly«<id by jS-glucase in the presence of 
water. a-Glucosides and galactosides have been synthesized 
by means of an enzyme (a-glucase) present in the aqueous 
extract from bottom yeast (tbid, 1915 (ix), 3 , 28), and a- and 
j8-glucosides and galactosides derived from di- and tri-hydric 
alcohols, e,g. glycol and glycerol, have also been prepared 
(ibid, 4 , 310). 

Emulsin not only contains jS-glucase but also other enzymes, 
e.g. gentiobiase, cellase, and ^-galactase (C. 11., 1915, 161 , 463). 
The best yields of jS-alkylglucosides are obtained by using 
solutions containing about 15-20 per cent of dextrose. With 
higher concentrations of dextrose and smaller concentrations 
of alcohol the effects of the gentiobiase and cellase become 
apparent, and by the action of emulsin on an aqueous solution 
of rf-galactose it has been found possible to isolate a syrupy 
galactobiose with ai> = -f- 54° {ibid.y C. R., 1916, 163 , 60). 

The action of invertase (sucrase) on cane sugar appears to 
be a non-reversible one, and hence the synthesis of sucrose from 
d-glucose and d-fructose by this enzyme is not to be expected 
{Hudson^ J. A. C. S., 1914, 1571; Lob. Abs., 1916 (i), 296). 

It is now generally conceded that a particular enzyme which 
produces the hydrolysis of a glucoside is the enzyme which is 
instrumental in synthesizing that glucoside, as the same 
equilibrium is attained when the reaction is started from 
either end (C. R., 1913, 156 , 957; BaylisSy P. R. S., 1912, 
B., 86, 359). 

Certain proteolytic enzymes not only catalyse hydrolysis and 
also synthesis, but can act as catalysts in bringing about an ex- 
change of terminal amino-acids in a protein (cf. alcoholysis). 

The rate of hydrolysis by means of enzymes has been 
studied by different authorities. Many, e.g. 0*SulUvan and 
Thompson (J. C. 8., 1890, 834) and Hvdson (J. Am. C. S., 1908, 
1160, 1564; 1909, 655), indicated that in the inversion of 
sucrose by invertase constant values for k can be obtained 
by using the ordinary equation for a unimolecular reaction, 
provided that the complications attending the mutarotation 
of the glucose and fructose (Chap. LXXI, 12) are avoided 
by adding a small quantity of alkali before taking the polari- 
metric reading. The alkali stops the inversion, and at the 
same time rapidly brings about equilibrium between the a- 
and jS-glucoses and the a- and jS-fructoses, so that the normal 
rotatory power of invert sugar is given. Hudson's results 



1264 LXIX. FERMENTATION AND ENZYME ACTION 


clearly prove that the a-modificationa of glucose and fructose 
are first formed. Compare Rosanoff, Clerk, and ISelby, J. A. C. 
S., 1911. 

Other results {Armstrong, P. R. S., 1904, 1907, 1908, 1910, 
1912, 1913) show that if the products of action are removed 
and no deterioration of enzyme occurs the amount of decom- 
position per unit time is constant throughout the change, i.e. 
the hydrolysis-time curve is linear, and this agrees with the 
conclusion that enzyme and substrate form definite com- 
pounds. 

A view generally held with regard to the mechanism of 
enzyme reaction is that adsorption of substrate by the enzyme, 
followed in some cases by activation at certain centres or even 
by combination, takes place. The fact that a specific enzyme 
can hydrolyse only particular substrates is in harmony with 
this view, as it is known that chemical constitution plays an 
important part in adsorption. Cf. H, E. and E. F, Armstrong^ 
P. R. S., 1913, B., 86, 561. 

E. Food Digestion: Metabolism 

The diversity and complex nature of enzyme action is shown 
in a study of the changes which occur in the alimentary tract. 
Broadly the process of digestion transforms complexes and 
colloids which cannot pass through animal membranes into 
crystalloids which can, e.g. proteins into amino-acids and 
starch into glucose. Practically all the changes are effected by 
enzymes and corresponding co-enzymes, and it has been sug- 
gested that as many as 100 enzymes may be involved. It is* 
noteworthy that these enzymes work rapidly as compared 
with mineral acids in hydrolysing carbohydrates. The en- 
zymes involved include those acting on: (a) Ga/rhohyd/rates — 
(i) Phyalin in salivary glands, (ii) Pancreatic amylase, 
(iii) Sucrase, (iv) Maltase, (v) Lactase, all from the intestinal 
mucosa; (ft) Fats — Lipases from the gastric mucosa and 
pancreas; (c) Proteins — (i) Pepsin from the gastric mucosa 
and yielding proteoses and peptones, (ii) Trypsin from the 
pancreas yielding peptones and polypeptides, (iii) Erepsin 
from the intestinal mucosa, prolinase and dipeptidase from 
the same source yielding finally amino-acids. It is noticeable 
that the various enzymes are found in the portion of the 
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digestive system where they are required for their own par- 
ticular tjrpe of hydrolysis. 

The food is masticated and becomes mixed in the mouth 
with the faintly alkaline saliva containing phyalin, digestion 
begins, and the mixture passes into the upper or cardiac 
region of the stomach, where it remains at rest and alkaline 
digestion continues, but it is finally forced into the muscular 
or pyloric region near the small intestine, where vigorous 
muscular movement begins some 20-30 minutes after the 
intake of food. The middle portion of the stomach is distinctly 
acid, due to the liberation of hydrochloric acid from numerous 
parietal ceils, but becomes neutral or faintly alkaline in the 
pyloric region. The muscular activity in the middle and 
pyloric regions produces intimate mixture of the food with 
the digestive juices and at the same time forces the mixture 
towards the small intestine. The food remains in the cardiac 
region for 0*5-2 hours in a faintly alkaline medium, and if 
sufficient phyalin is present the starch is converted into mal- 
tose and dextrins, but in the middle portion the mixture 
becomes distinctly acid (0*4 to 0*5 per cent of the juice), the 
phylic activity is stopped, and the proteolytic action of pepsin 
starts. On the whole proteins remain longer unchanged in the 
stomach than carbohydrates, and fats longer than proteins. 
As digestion proceeds the pylorus opens more frequently, and 
the half-digested food in a semi-fluid condition passes into 
the small intestine and lies for some time in the curve of the 
duodenum. Here it receives the pancreatic juice and the 
juices secreted by the walls of the small intestine, and is 
subjected to energetic to and fro motion by muscular con- 
striction of the wall muscles, whereby intimate admixture 
of juices and food ensues and also close contact of the 
digested products with the absorbing wall membrane, so that 
the absorbed digested food passes into the veins and lymphatic 
vessels. As the liquid food passes the pylorus the acid becomes 
neutralized by thq bile, pancreatic and intestinal juices which 
are alkaline. 

The flow of pancreatic juice is started by the hormone 
secretin (cf. Chap. LXVIII, B,), produced by the action of 
acid on some constituent of the intestinal mucous membrane; 
it is absorbed by the blood and carried to the pancreas and 
stimulates the flow of pancreatic juice. The function of the 
bile is to facilitate the solution of fatty acids and to diminish 



1266 LXIX, FERMENTATION AND ENZYME ACTION 


the surface tension between aqueous and oily fluids, permitting 
the lipase to come into contact with the fatty food. The small 
intestine contains at least 5 enzymes: enterokinase which 
converts tripsogenin into trypsin, erepsin, sucrase, maltase, 
lactase. During 8-23 hours* passage of the products through 
the small intestine considerable — up to 85 per cent — absorp- 
tion of digested products occurs. From the small intestine 
the mass passes into the large intestine and remains there for 
about 18 hours. During this period there is marked absorp- 
tion of water and also of products of digestion, and the matrix 
becomes more and more solid and finally forms feeces. Bac- 
teria are prolific in this area, and it has been estimated that 
1 day’s food is subjected to the action of 100 billion bacteria. 

The monosaccharides, especially glucose, are absorbed by 
the blood, transferred to the liver and stored there in the form 
of glycogen (Chap. LVI, D.), and then given up again to the 
blood as glucose, so that the concentration of this latter is kept 
fairly constant at 0*1 per cent. The glucose is oxidized to 
compounds containing three C atoms, e.g. glyceraldehyde, 
lactic acid, methylglyoxal, and dihydroxyacetone, through the 
intermediary of phosphate esters (cf. Alcoholic Fermentation, 
this Chap., A.), and finally to carbon dioxide and water, the 
energy thus liberated being utilized for muscular energy and 
for maintaining the body temperature. 

When much carbohydrate is formed in the system part is 
stored as glycogen and part as fat, but the mechanism of fat 
formation from carbohydrate is not clear. Glucose is partly 
utilized in forming the lactose of milk. 

Protein may serve as a source of muscular energy, the 
amino-acids becoming deamidated by the processes 1~3, and 
the resulting compounds oxidized: 

3^ NH, + R CO CHO 
R'CH(NHj) CO,H F 0 NH, F R CO COaH 

F H,0 NH, F R Cl}(OH) CO,H. 

The chief products of digestion are amino-acids, mono- 
saccharides, soaps or fatty acids, and glycerol. Of the mono- 
saccharides glucose is the one most readily utilized, but fruc- 
tose and galactose can be used in much the same manner. 
Fructose is converted into glucose in the liver and kidneys 
of the rat (Stewart and Thompson, 1939). 
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The fatty acid« after absorption are reformed into fats or 
a portion probably into lecithins (glycero-phosphates, Chap. 
LV, I.) and transported as such, and it has been found that 
the more unsaturated the fatty food supplied the more un- 
saturated are the lecithins present in the organism. Fat is 
stored either for protection or for use later as fuel (depot fat). 
In the absence of choline fat tends to accumulate in the liver, 
but normal conditions are restored by the addition of choline 
to the diet in the form of caseinogen. 

Experiments made by giving saturated fatty acids, their 
salts or glycerides to dogs prove that these acids can undergo 
two types of oxidation in the organism: (1) ^-oxidation, 
where carbon atoms are eliminated and a fatty acid with two 
less carbon atoms formed, probably 

R CHg CHa-COaH R CH(OH) CH, COaH R CO CH^ COgH 

R CO^H + CHa*CO»H. 

(2) Terminal or w-oxidation of the methyl group, resulting in 
the formation of a dibasic acid. 


which can then undergo j3-oxidation, 

COaHLCH.lnCOjH 

and COaliCCHJn-^COjH C0,H[CH2lii-4L05,H. 

An examination of the urine shows that mono- and di-basic 
acids tend to disappear rapidly as the number of carbon atoms 
in the acid increases, until with an acid containing 16 C atoms 
none is excreted as such. In no case can acids containing 
more than 11 C atoms be isolated from the urine, and the acids 
actually isolated are those with 10, 8, and 6 carbon atoms 
when the original acid has an even number of carbon atoms, 
and 11, 9, and 7 when the original acid has an odd number of 
carbon atoms {Verkade, C. and I., 1938, 704). 

Jowett and Quastel suggest an alternative to the /8-oxidation, 
viz. the oxidation of alternate CHj groups to CO, beginning 
with the CHa group P to the carboxyl: 

CH,CHaCH,CH,GH,CH,CH,COaH 
^ CH8 CO CH, C0 CHg CO CH, CO2H 
2CH3 C0 CH8 C0*H 

or CH,CO-CH,CO,H + 2CB^OO.,R. 

41 • 


( B 4S0 ) 
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This would explain why butyric acid is not an intermediate 
in the process of oxidation, and why more ketonic bodies are 
formed from higher acids than from butyric. 

Cellulose is of little value in human nutrition, and the small 
amounts used up are decomposed by intestinal bacteria yield- 
ing hydrogen, methane, and fatty acids, and this is the change 
which occurs with ruminants — largely in the paunch. Lignin, 
which usually accompanies cellulose, is not digested. Undi- 
gested fibre is of value in the human tract as it forms a suit- 
able medium on which the digestive juices and food can come 
into intimate contact. 

AJcohol is extremely rapidly oxidized in the system even 
before fat or carbohydrate. 

For a list of proteins which cannot be synthesized in the 
human body and hence must be introduced in the food, see 
Chap. LXVII, B. 

The actual amount of protein required for an adult is a 
matter of dispute and varies from 4()--120 gm. per diem. Ex- 
cess protein is injurious to the kidneys and leads to excessive 
formation of uric acid, potassium phosphate, and purine bases. 
Where rapid output of energy is required, probably a diet 
rich in protein is an advantage. It is estimated that 0*6-0* 7 
gm. of phosphonis (in combination) is required per diem by 
an adult. Other essentials are K, Na, Fe (8-9 mg. per diem), 
and also traces of Cu and I. Iodine is of importance in cases 
of cretinism and goitre, and also afiects fat and lime metabolism. 


F. Use of Isotopes in Studying Animal 
Metabolism 


Heavy hydrogen (deuterium) and heavy oxygen have been 
utilized in studying the function of certain compounds in 
animal metabolism, but the greatest amount of work has been 
conducted with radio-active phosphorus can be 

obtained by bombarding CSg witjji neutrons from a radium 
beryllium source, and thus forming radio-active phosphorufl 
with a half-life period of 14 days. 

It can also be obtained by bombarding red phosphorus with 
deuterium ions, 


SI 

P 

If 


3 

4 D 

1 


83 1 


->P -H H, 

If I 
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which can then be oxidized to phosphate containing ordinary 
phosphate with some radio-active phosphate, and its patli 
can readily be traced in the animal body. Results prove 
that when introduced intravenously large quantities are 
rapidly taken up by the bones, and when practically all radio- 
active phosphate has disappeared from the blood, it gradually 
makes its reappearance in the blood by exchange with the 
bones. 

Lecithin cannot exchange ordinary phosphorus for the radio- 
active variety from active phosphate. If radio-active P is 
found in lecithin it indicates that the lecithin was synthesized 
when radio-active P was present, and such facts are useful in 
deciding in what parts of the body lecithins are formed. They 
are also of value in studying the formation of phosphate in 
milk. 


LXX. POISON GASES 

A. Tear Gases. — These are mainly aromatic halogen 
compounds with the halogen in a side chain. Xylyl bro- 
mide, CH3’CeH4 CH2Br; xylylene bromide, CH3*C3H4*CHBr2 ; 
chloroacetophenone, CgHj-CO-CHgCl; bromobenzyl cyanide, 
Br*C6H4*CH2-CN. They all give irritating vapours which 
affect the eyes. 

B. Nose Gases. — Clark I, diphenylchloroarsine, Ph^AsCl; 
Clark II, diphenylcyanoarsine, PhgAs-CN; Dick, ethyldichloro- 
arsine, EtAsCl*; Adamsite, diphenylaminechloroarsine. All 
are strongly irritating to the mucous membrane of the nose, 
and Dick produces asthma. 

C. Choking Gases affect the lungs and also the eyes. Chlorine, 
phosgene (p. 315) and its polymer diphosgene (perstoff), chloro- 
picrin (p. 107), trichloroacetaldoxime, CCla’CHiN^OH, and 
dichloroformoxime, CCla'.N’OH. 

D. Blister Gases. — Mustard gas, or yperite, dichloro-diethyl 
sulphide (p. 98); Lewisite, a mixture of di-j3-chloro-vinyl- 
chloroarsine and jS-chlorovinyldichloroarsine, AsCb(CH:CHCl)2 
and A8Cl2*CH:CHCl, is prepared from acetylene, anhydrous 
arsenic trichloride, and aluminium chloride. Mustard gas has 
an odpur of garlic and Lewisite of geranium oil when dilute. 
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Both have strong blistering action on the skin, especially in 
the liquid state, and they also affect the lungs. 

For detection of these gases, cf. Studinger, C. and I., 1937, 
225 . 


LXXI. RELATIONSHIPS BETWEEN PHYSICAL 
PROPERTIES AND CHEMICAL CONSTITUTION 


A. Boiling-point 


Attention has been repeatedly drawn to the fact that in any 
homologous series the boiling-point tends to increase with the 
number of carbon atoms present (see Chap. I, A.; Ill, A.; 

In the majority of cases the increase in boiling-point for 
each additional CHg is not constant, but tends to decrease 
with increasing molecular weight (e.g. fatty acids, and espe- 
cially the paraffin hydrocarbons and alkyl haloids). 

In the case of the ethyl esters of the normal fatty acids the 
increase is fairly constant, and is about 21° for a CH 2 group 
(Kopp, 1842), e.g. 

Ethyl formate 
Ethyl acetate 
Ethyl propionate 
Ethyl butyrate 
Ethyl valerate 
Ethyl hexoate 
Ethyl heptf)ate 
Ethyl octoate 
Ethyl nonoate 


54 - 5 ° 

77 ° 

98° 

120 ° 

144-6° 

167° 

188° 

208° 

228° 


Difference 

^ 22 - 6 ° 
21 ° 

> 22 ° 

-> 24-6° 
22 - 6 ° 

^ 21 ° 

20 ° 

20 ° 


With the alkyl chlorides the difference between methyl and 
ethyl chlorides is 35®, and this difference diminishes by 2® for 
each subsequent homologue, so that the difference between 
heptyl and octyl chlorides is only 23® {Schorlemmer), 
Attempts have been made to find a general law for the 
diminution of the difference in boiling-point with increase in 
molecular complexity. Goldstein suggested the formula 

n - 1 
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for th« boiling-points of the normal hydrocarbons, where n 
the number of carbon atoms; this gives good results up to 
0i2H2e, but not beyond. (Compare also Mills, Phil. Mag. [5], 
17, 180.) 

A comparison of isomeric substances shows that the boiling- 
points can vary considerably, even when the isomerides belong 
to the same series, e.g. the amyl alcohols: 

CH3(Cii2L-Cl[,OH, 137°; 

CHadlj OH, 131-6°; 

CH3CH,CH(CH8)-CH,0H, 128°; 

CH8(CH,),,*CH(Cn3)OH, 1 1 8 5" ; 

(JHa-CH3CH(OH)CH3‘CHo. 1 i6'5°; 

(CH3),CH (CI£a-Cll8) 011, i 12-5°. 


In all such cases the normal compound has the highest 
boiling-point, and the more branched the carbon chain 
becomes, the lower is the boiling-point. Generally there is a 
difference of 7° between the boiling-points of a pair of isomeric 
compounds of the type CHg-CHg-CHg-X and (CH 3 ) 2 *CH*X. 
According to Menschutkin, in a group of isomeric alcohols, 
amines, or amides, the boiling-point falls as the side chain 
approaches the hydroxy- or amino-substituent. 

A comparison of isomeric esters, e.g. 

w-Butyl acetate, CHg CO-OC^Hp, 124°; 

n-Propyl propiouat^^, GHj-CHg-CO-O CaH^, 122 4°; 

Ethyl n-butyrate, Cfla CHa CHj GO O-CjlL,, 121 °; 

Methyl n- valerate, CH 3 (CH 2 ),vCO OOHg, 127°, 

shows that the boiling-point is lower the nearer the oxygen 
atoms are to the middle of the carbon chain. 

A remarkable feature is the relatively high boiling-points of 
hydroxylic compounds when compared with their isomerides 
or with closely related compounds. As an example, the n-acid 
isomeric with the last-mentioned group of esters, namely 
n-hexoio acid, boils at 205°. The acid as its dimeride can 
form a chelate ring. A similar relationship can be shown by 
the comparison of an alcohol with the ethers isomeric with it. 
Similarly, a comparison of the boiling-points of the ethyl- 
derivatives, CjjHe, CA-OH, CgHftCl, C 2 H 5 Br, CgH^NlIa, 
CgHg^OEt, C 2 H 5 -CN, indicates the enormous effect of the 
hydroxyl group on the boiling-point, or, again, a comparison 
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of the boiling-poi ut of an acid with those of its chloride, esters, 
anhydride, or nitrile. 

The effect of the introduction of halogen atoms has already 
been referred to (p. 59). The introduction of an atom of 
chlorine for hydrogen often raises the boiling-point some 
an atom of bromine about 84"^, and an atom of iodine 110 °; 
and the introduction of a second or third chlorine atom further 
raises the boiling-point, but not to the same extent. 

Extremely interesting is the fact that a saturated compound 
and its ethylene analogue have very nearly the same boiling- 
points (cf. propyl and allyl alcohols, both 97°; and 

C 7 H 14 , both 99°; propionic acid, 140-7°; and acrylic acid, 140°), 
although they differ considerably as regards most of their other 
physical characteristics. Further, methyl ketones, acetyl 
esters, and corresponding acid chlorides boil at very nearly 
the same temj)erature, e.g. acetone, methyl acetate, and 
acetyl chloride at 55°“56°; propyl methyl ketone, methyl 
butyrate, and butyryl chloride at 101°-105° (Schroder, B., 
1883, 16 , 1312). 


B. Melting-point 

Although, on the whole, in any homologous series the 
melting-points of the solid members tend to rise with increase 
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in molecular complexity, in many series an alternating rise 
and fall is met with, the members containing an even number 
of carbon atoms melting at relatively higher temperatures 
than those with an odd number. This is the case with the 
higher fatty acids, as is readily seen when the melting-points 
are plotted against the number of carbon atoms. Many other 
series show a similar relationship, e.g. dibasic acids: 

CV 180"; Cj,, 97°; 148°; C,. 103°; Cg, 140°; C*, 106°; C,o* 127°. 

(Compare also BecLch, Zeit. phys., 1904, 60, 43.) For amides, 
cf. J. C. S., 1908, 1033; 1919, 1210; 1927, 2926. 

Another property which shows an exactly similar alter- 
nation is the heat of crystallization of the normal and oxalic 
series of acids {Garner^ J. C. S., 1926, 2491). These effects are 
to be attributed to the manner in which the atoms are packed 
in the crystal. X-ray studies show that the long chains lie 
side by side in zigzag lines, with the result that the terminal 
group is situated on opposite sides of the zigzag in the even 
and odd numbers of the series (J. C. S., 1923, 3156; 1928, 
3235), thus producing a difference in crystal packing. For 
summary cf. MoZHn, Phys. Rev., 1930, 430; also Rec. Trav., 
1933, 747. Mixed melting-point curves indicate the formation 
of a compound between two “ even ’’ acids but not between 
an “ even and an “ odd ’’ acid. 

In the case of a group of closely related isomeric compounds 
it is found that the melting-point tends to rise with the number 
of side chains or branches, e.g. CHj-CHj'CHg-CHg-OH is a 
liquid, and C(CH 3 ) 3 *OH melts at 25°; or again, glutaric acid 
melts at 97°, methyl-succinic at 112°, and dimethyl-malonic 
at 117°. The conversion of an acid into an ester always produces 
a lowering of the melting-point, and the methyl ester always 
has the highest melting-point of any of the alkyl esters derived 
from a given acid; in fact, in many cases the methyl esters 
are solids, and the ethyl and higher esters liquids at the 
ordinary temperature. 

In the aromatic series the p-compound has a higher melting- 
point than the o and m isomerides. With a pair of isomerides 
the higher melting is always the more stable compound. G. 
Schultz (A., 1881, 207, 362) has shown that in the group of 
compounds, 

Nitro -► azoxy -► azo ^ hydrazo amine, 
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the melting-point increases up to the azo-compound, and then 
falls again to the amine. According to Franchimont (Rec., 
1897, 16, 126), the melting-point of an organic compound is 
invariably raised when two hydrogen atoms attached to the 
same carbon are replaced by oxygen, or when a hydrogen 
atom is replaced by hydroxyl; cf. C 6 H 5 -CH 2 'OH and CeH^- 
CO OH, or Celle and CeHfi OH. 


C. Heats of Formation 

The heat of formation, Hf, of a compound is defined as the 
number of calories liberated or absorbed when the gram- 
molecide of the compound is formed from its elements. In 
the case of carbon compounds this cannot be determined 
directly, and the usual method is to deduce it from the heat 
of combustion of the compound. 

Thus for methane the heat liberated on burning 16 gm. 
of methane in oxygen is 212 kilo cal., whereas the heat liberated 
on burning 12 gm. of carbon and 4 gm. of hydrogen in oxygen 
is 94 + 13G - 230. The difierence 230-212, i.e. 18, is the heat 
of formation of methane.* It has recently been pointed out 
that the heat of formation of a compound should be expressed 
as the heat of formation of the gram-molecule from its com- 
ponent atoms; hence, in the above case, the heat required to 
convert 12 gm. of carbon and 4 gm. of hydrogen into atoms 
must be taken into account. This is usually termed Heat of 
Atomization and denoted by Hence if Ha is the heat 

of formation of the gram-molecule from its component atoms, 
then 

Ha « lUt + P ~ Q, 

wher0 P is the heat of combustion of the elements, e.g. 12 gm. 
of carbon (graphite) and 4 gm. of hydrogen (as gas), and Q 
is the heat of combustion of the gram-molecule of the com- 
pound. Ha gives the total energy involved in the formation 
of all the links in the compound, and it will obviously be greater 
the smaller the value of Q, i.e. the stability of the molecule is 
greater the smaller the heat of combustion. 


• All the numbers in this section refer to kilo ctl. 
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The values of H^t have, afl a rule, to be obtained indirectly, 
e.g. from spectral observations; three common values are 
C 150, H 51*5, and N 104 kilogram cal. per gram-atom. 

In the case of the heat of combustion of solids and liquids, 
e.g. naphthalene or n-pentane, the heats of fusion and of 
evaporation must be taken into account. 

The earlier values for the heats of combustion indicated 
that in any homologous series there is a constant value for 
CHg which is independent of the series examined, e.g. paraffins, 
olefines, alkyl chlorides, monohydric alcohols, &c., and is 
roughly 158. 

This would indicate that the heat of formation is strictly 
ad(btivo, i.e. for a saturated hydrocarbon, 

Hrt “ xA yB, 

where x and y are the number of C — C and C — H links, and 
A and B are the respective heats of formation of these links. 

The method of obtaining the values for the links C — C and 
C — H can be illustrated by reference to methane and ethane 
both as gases. 

Methane. Q 212*7. 

Hf - -212*7 + 94-38 > l f S419 x 4 

-= -i 18-6. 

Ha - 18-5 + 150 4 4 X 51-5 

- 374-5. 

This corresponds with 4 C — H links and hence the heat of 
formation of each C — H is 93*6. 

Ethane. Q — 368*3. 

Hf - ' 368-3 + 2 X 94-38 + 6 x 34-19 

- f25-6. 

Ha - 26-6 + 2 X 160 + 6 X 61-6 

* 634-6. 

This is due to 6 C — H links and 1 C — C link, 

/. Heat of formation of C — C is 634*6 ~ 6 x 93*6 = 73. 

Other methods of obtaining values of the heats of rupture 
of C — H and C — C links are used, e.g. extrapolation of the 
infra-red band spectra or observations on predissociation give 
values agreeing fairly well with the above, but as a rule some- 
what higher. 
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The values C — H and C — C differ according to the aliphatic 
or aromatic structure of the compound: 

Cal ~ H - 93 (il, Car “ H “ 101-7.% Cal - Cal - 7M4, 

Cal - Car - 79-4 and Car ~ Car =“ 97- 17, 

The value for in olefines is 123-2, and that for C C 
in acetylenes is 161-1, it being assumed that the values of 
C — H and C — C are the same in unsaturated as in saturated 
compounds. 

For lists of heats of formation from atoms and of heats of 
formation of links cf. Sidgwick^ “ The Covalent Link 
Chap. IV. 

The more accurate determinations of Rossini (Bur. Stand. 
J. Res., 1934, 735) show that in a given homologous series 
the value CHg is not absolutely constant. The generalization 
holds good for saturated hydrocarbons with more than 5 
carbon atoms. With the lower compounds the value Hg is 
greater than would be expected, and increases from w-butane 
to methane, which is 4-8 kg. cal. greater than the calculated 
value. For the saturated alcohols with less than 5 atoms the 
values are abnormal, but less than the calculated values, and 
with methyl alcohol the value is 4-2 less, even when corrected 
to zero pressure and zero temperature. 

Cyclopropane and propylene give practically the same value 
indicating the great strain in the tri-ring. 

Heats of Hydrogenation. — The hydrogenation of an olefine 
or a diene is usually an endothermic reaction, and the follow- 
ing values have been determined for different compounds in 
kg. cal. per mol. 

Allcne + H, -41 

Butadiene -f H, - 26*7 

1 : 4-Pentadiene -f - 30*7 

1 : 5>Hexadiene + H, - 36-4 

The results were obtained by determining the difference be- 
tween the value for the ethylene and that for the corresponding 
diene, and in the case of benzene between 1 : 3-cyclohexadicne 
and benzene. The result with benzene shows the great re- 
sonance energy of benzene. 


1 : 3-Cyclohexadiene + H, -26*7 
OycZo- pentadiene + H, -22-2 
Benzene + Hj +6*6 
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D. Absorption Spectra • 

Absorption spectra — ultra-violet 185-400 m/x, visible 400- 
760 m(i, and infra-red 0*76-15 fx — have proved of value in 
the study of carbon compounds, and the results are usually 
depicted as graphs of the function cA, where c is the molecular 
extinction coefficient and A the wave-length. The absorption 
is proportional to the number of molecules in the light path, 
so that it depends upon the concentration and on the thick- 
ness of the layer. Thus 

I *= lo X iO-^cd^ 

where Iq is the intensity of the incident light, I that of the 
emergent light, c is the molar concentration, and d is the 
thickness of the layer in centimetres. 

In examining the spectra of a relatively transparent sub- 
stance it is necessary to be absolutely sure of its purity, as a 
mere trace of a highly absorbing compound will completely 
change the absorption curve, e.g. 1 part of stilbene in 4000 of 
dibcnzyl; on the other hand, even 1 per cent of a relatively 
transparent substance will have but little effect on a compound 
with marked absorption. 

All saturated hydrocarbons, whether open-chain or cyclic, 
show little or no absorption. If a group introduced into one 
hydrocarbon produces characteristic absorption, then the 
same group introduced into any other saturated hydrocarbon 
will produce the same effect. The group is an absorbing group 
or chromophore. Of these there are four distinct classes: 

(a) Halogens or sulphur ; 

(b) NO. -NOa, NH,; 

(c) CN. CO.H, C,!!,. C,oH, ; 

(d) >c:o. >c:s, cHrcH-, >c:c<. *ch:n-, NrNs 

and the most important of these are CgHg, >C : 0, >C : C:, 
•CH:N*, and*N:N. 

The position of the absorbing group X in any homologous 
series does not appreciably affect the absorption, e.g. in the 
compounds CH 3 (CH 2 )aX{CH 2 )mCH 3 the absorption is inde- 

• LSsmigt Sptktttn^ H. Mohler, Jena, 1937. Practical Aspects of Absorption 
Spectrophotometry, R. A. Morton, Institute of Chemistry Lecture, 1938. 
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pendent of n and m. Even with compounds containing two 
absorbing groups X and X', e.g. RX(CH 2 )nX'R, the absorption 
is practically independent of n, the only effect being a slight 
rise in Cma* with n. Thus succinic and glutaric acids give 
the same absorption, and also diphenoxymethane and di- 
phenoxydecane. 

One of the most marked effects is seen in conjugated polyenes. 
In the simple olefine the absorption is in the extreme ultra- 
violet region (<185 ?w/x), but becomes displaced in the direc- 
tion of longer wave-length on conjugation, and compounds 
with several conjugated double bonds are yellow or orange 
and those with 12 or 15 purple- or green-black (cf. Kuhn, 
Diphenyl polyenes, J. C. 8 ., 1938, 605). For isoprene A = 220 , 
cyclopentadiene 238, sorbic acid 261, and octatrienoic acid 
303, Ph(CH:CH) 6 Ph 433, and Ph(CH:CH)i 5 Ph 570. There is 
also an increase in the intensity of the absorption with an 
increase in the number of conjugated double bonds. Several 
double bonds not conjugated do not appreciably affect the 
absorption. 

The increase in A becomes smaller for each additional con- 
jugated double bond, but the intensity of the absorption 
increases regularly with the number of such bonds. 

In ketones and azo-compounds containing the chromo- 
phores >C : 0 and — : N — the value of A„,ax increases with 
the complexity of the alkyl groups attached to the chromo- 
phores, e.g. from 279 for acetone to 375 for 5 -isopropylacetone, 
and 345 for benzophenone ; the corresponding values for 
are 15, 82, and 112, i.e. comparatively small. 

With an ajS-unsaturated ketone, i.e. 0:0 and C:C conju- 
gated there are two distinct bands, e.g. mesityl oxide, CHa'CO* 
CH: 0 ( 0113)2 has Xmzx 229*5 and 327 in n-hexane solution, but 
varies with the solvent in passing from hexane to methyl 
alcohol and water; the first band increases whereas the second 
decreases. The two bands can be regarded as due to the 0:0 
and 0:0 linkings respectively as modified by conjugation. 

The ketones and azo-compounds have, in addition, a band 
of high intensity, e.g. acetone with X^bx 190 ^ Mid €max 
about 10,000, and methylazobenzene with 258 and 4000 
respectively. It has been suggested that the two bands for 
acetone may be due to the two forms: A 190 to McgC : 0 and 

A 280 to Me 2 C<^. 
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EnoUzation does not affect the wave-length but increases 
the intensity, thus both 

CH, CO CH, CO CH, and 

^ } 

\ H ^ 

have Amax 275 w?/i, but the former has a low value for Cma, 
and the latter a high value. 

Benzene, both liquid and vapour, shows a group of 8 narrow 
maxima in the region 229-270 m/x, and a second group near 
190-210 m/x; the former group has low and the latter high 
intensity. Condensed benzene rings show marked change; 
the longest wave-length in benzene is 269, in naphthalene 311, 
and in anthracene 476 m/x, with corresponding values of e^ax 
39, 280, and 9700. 

Methyl, ethyl, allyl and chlorine substituents in the ben- 
zene ring have very little effect on the wave-length or intensity 
of the absorption, whereas OH, OMe, OEt, CN, CO 2 H, C02Et, 
NHg, displace A^ax appreciably and produce a tenfold in- 
crease in €max» indicating an increased tendency for electronic 
transitions. The greatest effect is produced by *C0 in the 
form of an aldehyde or ketone, and a *0:0 as in propenyl- 
benzene, cinnamyl alcohol and t^oeugenol, where A^ax kas 
the values 309-320 owing to the conjugation of the *C:C with 
the benzene ring. 

The presence of several olefine linkings produces but little 
effect unless they are conjugated. The effect of conjugation 
is seen in the following table: 


CHPh:CHMe 

. . 246 * 

^xnax 

10,000 

CHPh:CHCH:CH, 

.. 282 

>10,000 

CHPh:CH CO*CH, .. 

.. 285 

23,000 

CHPh:C(OH)COCH3 

.. 310 

20,000 

C^HjCO-CHMeCOCH, 

• . 247 t 

11,600 


Certain ds and trans stereoisomerides, such as the two 
stilbenes and the two cinnamic acids, show certain differences; 
in both these cases the band 280 m^i is about twice as intense 
for the cis compound as for the trans compound. 

• In addition bands at 278 and 279 with € 500. 
f In addition bands at 284 and 310 with f 1500 and 200 respectively. 
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When a comf)Ound of the type CeHg'CO'CHMe-CO-CHg 
enolizes there is always the possibility of the formation of 
stereo-isomeric enols, but the proportions of the two stereo- 
isomerides do not appear to vary with the solvent, e.g. 
hexane, alcohol or water, probably owing to the one enol 
being fixed by means of a hydrogen bond: 

RC--~0— H 

R-COCH / \ 

I! O C— R 

HOCR \ / 

H—O 

In the case of ethyl benzoylacetate in different solvents the 
percentage of enol can be determined by the bromine method 
(Chap. LIII, A.) and from the observed values of the 
value for being the same, the values for the true keto 
and enol forms can be calculated. 

X « 212 X 285 

CeH^'CO CHs COjEt .. - 10,6(X) 1200 

CeH5 C(OH) : CH-CO*Et . . - C),(XK) 1 :MM)0 


Absorption spectra have proved of value in various ways 
in the study of carbon compounds. 

( 1 ) Hartley and Bobbie used the absorption method for 
determining the structures of certain tautomeric substances 
of the lactam-lactim type, e.g. isatin. By comparing the 
absorption bands of isatin and its two methyl ethers I and II, 



it was shown that the bands of isatin resemble those of the 
pseudo methyl ether II. As the structure of the two ethers 
can be established from their reactions, it follows that isatin 


has the lactam structure € 0114 ^ 



A similar method 


applied to carbo 8 t 3 rril (Chap. XLIV, A2) indicates that 


.CH : CH 

it also has a lactam structure C 4 H 4 <^ I (J. C. S., 1899, 

^NHCO 


040). The method has been applied to the study of certain 
alkaloids (ibid. 1911, 1340; 1914, 1639). 
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(2) The method is of value for determining small amounts 
of strongly absorbing compounds in a relatively transparent 
substance, e.g. benzene in cycZohexane, carbon disulplnde in 
carbon tetrachloride, and dehydrocholesterol in cholesterol. 
It is also used for the determination of small amounts of 
copper and lead in carbon tetrachloride solutions containing 
diphenylthiocarbazone (dithiazone D), NHPh*NH*CS N : NPh. 

The determination of pn of certain dye solutions can be 
determined. With many indicators different concentrations 
of acid give practically the same bands but with very different 
intensities, and as for many the is a function of l^his 
affords a method for determining the latter. 

The method has proved of value in examining many bio- 
chemical products, e.g. in estimating the concentration of 
vitamin A in certain materials, for establishing relationships of 
irradiated ergosterol products and for elucidating the structure 
of porphyrins. Thus alkyl groups in any of the positions 1-8 
in the porphyrin molecule (Chap. LXIV, D.) produce only 
slight effects on the absorption, whereas ‘CO'CHg and 'COgMe 
produce a distinct effect. Alkyl substituents in positions 
a-8 produce a third type of absorption. 

Infra-red Absorption. — Bands are also obtained in the 
infra-red spectrum, but these have not been studied to the 
same extent as ultra-violet bands. Relatively few solvents 
are available, namely, CCI4 and halogenated methanes and 
ethanes, and interesting observations have been made with 
phenols. Most of these show a marked maximum at 8*75 fi, 
but this is not found in phenols where hydrogen bond chelation 
is possible, e.g. o-hydroxybenzaldehyde. An examination of 
solutions of phenols of different concentrations shows the dis- 
appearance of a band (2-95 fi) as dilution increases, and this 
may be a band due to association of phenol molecules. 

E. The Raman Effect* 

When a strong beam of monochromatic light of known 
frequency is passed through a transparent medium a scatter- 
ing of the rays takes place, and the scattered light when 

• For reviews, cf. Rep., 1S34, 21 and Hibbm^ Chem. Rev., 1936, 1; also 
Kohlrausch^ Der Smekai -Raman Eftekt (Berlin, 1938); Hihhen, The Raman 
Effect and its Chemical Applications, New York, 1989. 
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resolved has, in addition to the original radiation, a series of 
lines lying on both sides of this and termed Raman lines. 
Each substance has a specific scattering efiect; this is usually 
small, but may be studied with the aid of a spectrometer with 
photographic attachment {Kohlrausch, 1931). This displace- 
ment of frequency was predicted by Smekal in 1923 but first 
observed by Raman in 1928, and is usually termed the Raman 
effect, f It is extremely general and occurs with all phases of 
matter under very varying conditions. Up to 1936 about 1370 
organic compounds had been studied by this method. The 
differences of energies corresponding with the separation of the 
lines from that of the incident beam agrees with the energies 
of the infra-red spectrum of the same medium, and hence 
Raman spectra are of value in the study of the latter as they 
are much more readily observed. If Vq is the frequency of the 
original beam, then Vq — v\ the Raman frequency, is inde- 
pendent of Vq but depends only on the nature of the mole- 
cules constituting the medium.' 

The use of the Raman effect has advantages over certain 
other physical methods. Each molecule has. its own Raman 
effect, and the presence of a second compound has no effect 
on this provided chemical reaction, e.g. addition, does not 
occur between the two. Again, the molecular effect is made 
up of the individual effects of the different links in the mole- 
cule, and on the whole each of these is not appreciably affected 
by the presence of other links. For a given spectrum the 
intensity of the effect is directly proportional to the number 
of scattering molecules present, and for constant volume is 
proportional to the concentration. 

It follows that a study of Raman frequencies is of value in 
the' identification of individual compounds, and also in de- 
tecting and even estimati^ impjirities in a given compound. 
It is particularly useful in detecting the presence of small 
amounts of unsaturated compounds in a saturated, e.g. 2 
per cent of propylene can he detected in eyefopropane or 
0*4 per cent of cinnamene in ethylbenzene; also for estimating 
benzene and toluene in mixtures, and in the study of mixtures 
of terpenes. 

Raman spectra have proved of value in detecting replace- 
ment of hydrogen by deuterium. The compounds C^Hj, 
CjHD, and C 2 D 2 have distinct spectra. When the dry gases 
CgHjj and C^Dj are mixed no lines characteristic of C^HD can 
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be observed, but a trace of water produces the CjHD lines, 
indicating that exchange of H and D between the two com- 
pounds occurs only in the presence of moisture. 

The Raman effect has also proved of value in studying the 
degree of electroljiiic dissociation of compounds, the study of 
ds and trans isomerism, esterification, hydrolysis, keto-enolic 
tautomerism, polymerization, and the formation of additive 
compounds. 

The method has also been used for calculating (a) the 
strength of the link between two atoms; (b) the frequency 
and amplitude of atomic vibrations; in certain cases for 
determining the spatial configuration and anisotropy of a 
molecule, and from these data specific heats, relative heats of 
dissociation, and heats of fusion of organic compounds. 

Raman frequencies fall into four main groups: 

1. Greater than 2800.* Characteristic of group containing 
the light H atom, 

2. Between 2400 and 1900. Characteristic of compounds 
with a triple bond. 

3. Between 1800 and 1300. Characteristic of compounds 
with a double link. 

4. Below 1000. Characteristic of single links with the 
exception of X — H link. 

For a compound containing several of these types of links, 


e.g. 


\c : CH’CH : O, all three types 1, 
W 


3, 


and 4 will be repre- 


sented in the spectrum, and the one type has only a slight 
effect on the other types. / 

The values for common links met with in organic compounds 
are: C— H 2930 in aliphatic and 3050 in aromatic compounds, 
C--C varying from 997 to 1590, 0—0 820-880, C— N 910-930, 
0==C 1600 in aliphatic and 1590 in benzene, 0=0 varying 
from 1640 to 1730, C : N about 2150, N-=-0 1565, C^C 1960, 
C^"N 2245, C— Ci 710, C— Br 600, and C—1 530. 

The value found for carbon monoxide, 2155, agrees with 
the type C^^O, i.e. C^O, and the value for isomtriles, namely 
2146-^2161, with — N^C. 

Organic nitro compounds give a value 1400, and approxi- 
mately the same value is given by concentrated nitric acid 


• All these numbers are iT"* cm., and for simplicity “'em. is omitted. 
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and sodium nitrite; hence all three contain the — Nf 

^0 


group. Sodium nitrate gives a different value, 1046, and as 
nitric acid is diluted the nitro-group value disappears and is 
replaced by the 1046 value characteristic of the nitrate ion. 

Among the aliphatic hydrocarbons the Raman spectrum 
of methane is comparatively simple; the main effect is the 
Raman frequency C — H 2918, but other minor shifts can be 
observed. In ethane there are two marked shifts, namely 
C — H 2900 and 2955 and C — C 993. As the complexity of the 
molecule increases, the main shifts for C — H and C — C persist 
with slight alterations, e.g. C — C 867 in propane and 834 in 
butane, but additional shifts make their appearance, e.g. 
800-1100 and others comparatively small between 200 and 700. 
In the case of isomeric hydrocarbons there are appreciable 
differences between the isomers. 


In benzene homologues two shifts due to C — H are observ- 
able: one the aliphatic value, and also a value of 3050 probably 
due to the = C— H group, as a similar value is met with in 
allyl compounds. 

The Raman spectra for olefine compounds, whether open 
chain or cyclic, show a shift of from 1600 to 1660, which is quite 
different from any lines due to any other type of oscillation. 
The lines are very clear and are of great value in determining 
the presence of such linkings in compounds, and have proved 
of value in determining the structure of terpenes. 

The attachment of an alkyl group to one of the two C 
atoms, C : C, has an effect different from that of OH or halogen, 
and a j3-substituent, i.e. p to olefine link, has a smaller effect 
than an a-substituent. In the case of ds and trans isomerides the 


cis compound has always the lower value, by some 16 to 20 
units, and the presence of a small amount of a m compound 
in the trans can easily be detected. For conjugate ethylene 
links the value is about 1644, but in allenes it is only 1100. 

The carbonyl group produces a shift varying from 1645 to 
1800, depending on the structure of the compound. It is least 
in acids, namely 1654, approximating to the olefine value, 
and varies within narrow limits when alkyl groups are inko* 
duced, e.g. di- and tri -methyl-acetic acids. , For methyl and 
ethyl esters the value is about 1730, for a(^i uhlorides 1790, 
for ketones 1705, and for aldehydes 1718. The introduction 
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of chlorine in all these compounds tends to raise the value of 
the shift, e.g. to 1768 for methyl trichloroacetate. In un- 
saturated carbonyl compounds the conjugation of C:C with 
C:0 produces a ^minution of the carbonyl shift by some 40 
units, and in aj3-unsaturated acids it appears that the car- 
bonyl shift is weakened almost to extinction. 

It is clear that the marked effect of an olefine link can be 
utilized for detecting the presence of enols in keto-enplic 
tautomerides. The characteristic shift is observed with aceto- 
acetic esters and their mono-alkyl derivatives, but not with 
dialkyl derivatives, where the formation of an enol is im- 
possible. 

The acetylene link produces a shift of 2100 to 2250 units. 
Acetylene has 1975, methylacetylene 2123, and dimethyl- 
acetylene 2234, with a second shift which is characteristic of 
all clisubstituted acetylenes. 

The cycioparaffins give characteristic shifts, e.g. cyclo- 
propane and its derivatives about 1200, and the substituted 
derivatives a second shift which varies with the number of 
carbon atoms in the molecule. 

Other rings have different values, and the effects of substi- 
tuents and of olefine links have been studied. 

The introduction of substituents into the naphthalene mole- 
cule produces a marked effect on the Raman spectrum and 
varies according to the a or /S position of the substituent. 

The bicyclic compounds a-thujene, A®-carene, A^-carene, 
sabinene, and pinene all give a similar type of spectrum. 

From the Raman spectra it has been found possible to 
determine the strengths of the commoner links in carbon 
compounds. The value calculated is termed the restoring 
force per unit displacement and is denoted by /. The re- 
lationship for a marked displacement characteristic of any 


particular link is given hy t; = ^ where v is the Raman 


shift dynes/cm. and fi is the “ reduced mass 
Values have been calculated for / x a/2, termed the average 
value of restoring force, a being the amplitude of the vibra- 
tion. The following are the numerical values of / x a/2 
in dynes x 10*. For X — X (where X is C or 0) the value is 
of the order 2-1, and for X-^X (where X is C, 0, or N) 4-3, 
for X^X 64, i.e. roughly of the order 1:2:3, and is inde- 
pendent of the type of link, i.e. C: 0 or C : N. 
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The values for X — H range from 4*55 for H — H to 2*52 for 
H — L For C — X (where X is an element other than H) the 
value ranges from 2*25 for C — 0 to 1*05 for C— 1. 

The values of the mean restoring forces may be regarded 
as a measure of the work necessary to sever the bond involved 
in any particular link, and should therefore be proportional 
to the heat of dissociation of the bond, and this has been 
proved to be roughly correct. 

Thus the heat of dissociation of X — X varies from 50 to 
70 kilo calories, X==X from 125 to 160, and X“X from 165 
to 235. 

The study of polarizability by Placzek (1931) has given 
interesting results bearing upon the symmetry of molecules, 
and the results have confirmed in most cases the structures 
arrived at by other methods. 


F. X-ray Examination * 

The usual method adopted is due to Bragg, and is based 
on the principle of using a crystal surface as a grating for 
X-rays. The rays penetrate to a minute depth, and thus 
encounter an ordered array of atoms in planes which make 
up the crystal lattice. Each atom acts as a diffraction centre 
sending out wavelets. In certain directions these will be in 
step and will combine to form a beam {” reflected ’’ beam). With 
wavelets in other directions the crests of one will coincide with 
the troughs of the following, and no “ reflected beam will be 
observed. Observations are made from the different types 
of faces. Bragg's equation nX ^ 2d sin 6 expresses the rela- 
tionship between d, the distance between reflecting planes, A 
the wave-length of the X-ray employed, and 0 the angle of 
reflection. If A and 0 are known, then d is readily calculated. 

When distinct crystals cannot be obtained a fine powder 
may be used (Debye, Schefrer, Hull), Certain grains will reflect 
from one crystal plane and others from another, the result, 
when a beam of X-rays is passed through such a powder and 
then allowed to impinge normally on a photographic plate, 
being a central spot surrounded by a series of uniform rings, 

♦ For brief summary, cf. Emeleut and Miall, J. Ind., 19.16, 638; cf. also 
Rep., 1933, 411, and 1935, 227; Applied X-Rays, G. L, Clark, New York, 
1940. 
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and each ring corresponds with one set of planes of the 
crystalline material. 

The atoms in a crystalline material have an ordered ar- 
rangement in space, termed a space lattice, and this orderly 
pattern repeats itself throughout the body of the crystal. 
The smallest unit volume of the crystal which exhibits this 
pattern is the unit cdl, which possesses the same symmetry as 
the macro cell, which is built up of these units. One of the 
functions of X-ray analysis is the determination of the size 
of these unit cells and the number of atoms or molecules or 
ions they contain. The size is usually of the order of lOA 
for the side, and the number of molecules in the cell less 
than five. 

Each year sees the publication of an enormous amount of 
work on X-ray analysis, and only a summary of some of the 
more important results can be given. Bernal and Crowfoot 
(Rep., 1933, 411) summarize the various stages in the exami- 
nation as follows: 

1. X-ray photographs of the crystal. Of great value in 
proving the identity of two crystalline compounds. 

2. Determination of cell size. This combined with an 
accurate determination of the density of the crystal gives the 
most accurate method for determining the absolute mole- 
cular weight, which is usually a simple multiple of the true 
molecular weight. 

3. Determination of space group and molecular symmetry 
by a combination of the study of X-ray photographs with a 
determination of polarity. This gives a maximum molecular 
size and serves to difierentiate between pure substances and 
molecular compounds as in the case of quinhydrone. It also 
gives a value for the minimum symmetry which is of value in 
stereochemical studies. 

4. Determination of general arrangement of the molecules 
in the cell. The X-ray evidence combined with knowledge of 
optical or magnetic anisotropy often gives indications as to 
the disposition of molecules in the crystal and hence of their 
size and shape. In organic compounds where intermolccular 
forces are weak the molecule behaves in the crystal very much 
as in a gas, and the anisotropy of the crystal is a product of 
that of the individual molecules and of their mutual orien- 
tations. Long molecules have positive anisotropy, flat mole- 
cules negative, and round ones quasi anisotropy. This has 
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proved of value in discussions relating to the structure of vita- 
mins B1 and C, and also in many membered rings, CnHan, 
where n == 12-30, which structure resembles the n-paraffins, 
the ring being drawn out into a double chain with small rings 
at each end. The cross-section of the ring is 37-5 A, practi- 
cally double that of the paraffin chain, 18*3 A. Difficulties 
arise when intermolecular forces are large, as in polyalcohols, 
sugars, and many acids. 

5. Determination of atomic positions. When the positions 
of molecules in a crystal are known, the exact positions of 
the atoms can be found by a laborious process of trial and 
error, so as to give good agreement between observed and 
calculated intensities of reflection. 

6. Determination of electronic densities (Fourier analysis), 
and from these, interatomic distances and valency angles. 

Stages 5 and 6 involve refined measurements of intensity 
and laborious computations involving many weeks of time, 
and hence complete analyses of organic crystals are rare. 
Compounds so examined include aromatic hydrocarbons both 
mono- and polycyclic, urea, thiourea, hexamethyltetramine, 
benzoquinone, p-dinitrobenzene, and cyanuric triazide, and to 
a certain extent pyxanose sugars, and from these the following 
interatomic distances A for the different links have been 
obtained; C — N 1*42-1*37, 0^0 1*25, C 8 1*64, C — C (arom.) 
1*41, C — C (aliph.) 1*47, C — C (between two benzene rings) 
1*48 (cf. Table, p. 1284). 

Pauling and Huggins (Z. Kryst., 1934, 87, 205) give the 
following values for atomic radii and these can be used for 
calculating interatomic distances in co- valent bonds: H 0*29, 
CO-77, NO-70, 00*66, F0*64, aO-99, BrM4, 11-33, 81-04. 
Double bond, CO-69, N0*63, 00-69, 80-94. Triple bond, 
CO-61, NO-55. 

Some of the more important conclusions drawn are: 

1. All aromatic compounds, whether single ring or con- 
densed rings, have a planar structure. These flat molecules 
tend to pack more and more into parallel sheets resembling the 
structure of graphite as the number of carbon atoms increases. 

2. In cyclohexane the atoms appear to lie in a single plane, 
and in dibenzyl, CeH 5 -CH 2 ’CH 2 *CeH 5 , the two benzene rings 
lie in parallel planes, and the distance between a ring C atom 
and a chain C atom is 1*47 A, a|id between the two C atoms 
of the chain 1*58 A. 
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3. In benzoquinone the values are C — C (both ring) 1*50, 
C ' C (both ring) 1-32, and C^~0 1*14, with an angle of 109® 
between C — C — C and 125® between C=C — C. 

4. The molecules CH4 and CI4 form a cubic lattice with 

regular tetrahedra. In urea the central carbon atom is enclosed 
in a triangle with one 0 and two N's at its comers: C — N = 
1*37, and == 1*25 A. In thiourea the C is at the apex 

of a tetrahedron with S, N, and N at the other three corners: 

= 1*35, C-S - 1-64. 

5. With the sugars the examination is complicated by the 
interaction of the hydroxyl groups and the linking together 
of molecules in all directions in the lattice. With completely 
methylated sugars such interplay does not occur, and they 
all have much the same thickness, 4-20-4-69 A, and probably 
have what is termed the flat type of ring, namely 5 carbon 
atoms in one plane and the oxygen of the ring slightly above 
this plane (J. C. S., 1935, 978, 1495). 

6. A comparison of the orthorhombic crystals and film X-ray 

examination of the paraffin hydrocarbon shows that 

the fiilm has a dimension of 38*6 A, and the crystal cells all a 
length of 77*2 about the c axis, indicating that the cell has 
two molecules arranged lengthwise along the c axis. The dis- 
tances between adjacent and alternate carbon atoms are 
1*54 and 2*54 A with a zigzag arrangement of the C atoms. 
The angle is 109° 28', and there is a break of 3*09 A between 
the two molecules, and between the C atoms of one chain 
and the C atoms of a parallel chain a distance of 3*7-4 *0 A. 
A comparison of homologuea indicates an increase in length 
of 1*27 for each CHg. 

With monobasic acids the spacing is roughly twice that of 
the corresponding paraffin, and it is concluded that the film 
is 2 molecules thick, consisting of 2 molecules end on with 
their carboxyl groups in the middle. With dibasic acids the 
film is only 1 molecule thick. 

7. Fibres, A;c. X-ray examination has been applied to 
proteins, polysaccharoses, and rubber (Astbury^ Fundamentals 
of Fibre Structure, 1933). 

8. Trioxymethylene crystallizes in the hexagonal system with 
6-membered ring molecules arranged in order along the hexad 
axis. On exposure to light the presence of formaldehyde nuclei 
appears in the crystals, and, starting from these nuclei, fibrous 
polyoxymethylene molecules appear, the fibre axis lying along 
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the hexagonal axis, and it is probable that the ring poly- 
meride is transformed into a chain polymeride. 

CH, CH, CH, CHa O 

( 5 ^ — 

(I'H, HjC CIl, H,(!) in, — CH, CHj--U O— CH, CH^— 

Y Y Y Y Yh. Y 

In the case of cellulose a unit of 10*3 A occurs — this is the 
length of an anhydrous jS-glucose unit — and these units form 
a chain-like pol3rmer (Chap. LVI, D.). In the unit cell the 
chains are parallel, and the result is that of a monoclinic 
cell with the axis lengths a = 8*3, b « 10*3, and c = 7*9, and 
p = 84°. 

9. In resorcinol there is a distance of 1*39 A between the 
carbon atoms, and the C — C links of the ring have an angle of 
120°. The C— 0 distance is 1-36 A, and the angle between the 
C — 0 link and the extended C— C link is 58*5° {Robertson^ 
P. R. S., 1936, A., 167, 79). The molecules have a spiral packing 
in the crystal so that the OH groups are brought within a dis- 
tance of 2*66-2*74 A of one another, so that hydroxyl bond 
formation can occur without bringing the C atoms nearer than 
3*5 A. 

10. A careful examination of p-dinitrobenzene has been 
made by James, King, and Horrocks {ibid, 1935, A., 168, 225). 
The molecule as a whole has a centre of symmetry; the nitro 
group itself is nearly but not quite planar and is nearly co- 
planar with the benzene ring, one oxygen being in this plane 
and one slightly above. The interatomic distances and angles 
have all been determined, and the nitro group has produced 
an appreciable effect on both. The compound has no dipole 
moment, and hence the two oxygens in the nitro group may 
be equivalent and no co-ordinate link present. 

11. Cyanuric triazide {Knaggs, ibid, 1935, 160, 576) has a 
planar structure with a ring of alternating N — C atoms, 
but the ring is not a regular hexagon but has alternate angles 
of 113° and 129°. The azide groups are linear and attached 
to the C atoms of the ring. The structure may be a resonance 
formula between — N— and — N^NisN. 

12. Ca/rboxylic adds, — This group has been studied in 
oxalic acid and the oxalates. The oxalate group has a 
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planar configuration with a centre of symmetry. Cf. also 
Robertson (J. C. S., 193G, 1817), who points out distinct dif> 
ferences between values for oxalic acid dihydrate and the 
oxalate ion. 

The diSraction of X-rays by amorphous solids, gases, and 
vapours has also been studied.* The X-ray by passing through 
a gas becomes scattered, and this efiect can be registered on 
a photographic film which records at the same time the posi- 
tion of the original ray. The film gives a fixed spot surrounded 
by a small number of difiuse concentric rings with a series of 
maxima and minima, the intensity of the rings decreasing 
with the distance from the central spot. The intensities can 
be plotted by means of a photometer curve with scattering 
intensity as ordinates and the angle of scattering as abscissse. 
These curves can then be utilized for calculating atomic dis- 
tances. When this method is applied to the vapours of CCI4, 
CHCI3, and CH2CI2, where the scattering is mainly due to the 
presence of the Cl atoms with a number of planetary electrons, 
it is found that the distances between the Cl atoms in the 
three compounds are respectively 2*98, 3*10, and 3*20 A. Also 
with the cis and tram CHClrCHCl the distances between the 
two Cl atoms are respectively 3*7 and 4*7 A. In 1 : 2-dichlor- 
ethane the distance is 4*4, indicating that the mean position of 
the two Cl atoms corresponds roughly to that of the chlorine 
atom in tram dichlorethylene. 

For the study of phthalocyanines (Chap. LIX, L.), see Robert- 
son (J. C. S., 1936, 1195), and for other organic compounds, 
Rep., 1936, 218; 1938, 194. 

Electron diffraction has been studied in much the same 
manner but with different apparatus, and the values of the 
lengths of certain links thus determined agree with those 
given by X-ray measurements. This method gives the follow- 
ing values for distance between iodine atoms in diiodo-ben- 
zenes: ortho 4*0, meta 5*97, and fara 6*85 A. 


• Randall, The Diffraction of X-raya and Electrons by Amorphous Solids, 
Liquids and Gases, 1938. 


(1 480) 
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G. Dipole Moments ♦ 

If the centres of action of the positive and negative partf 
of a molecule, termed by Lowry the electric centroids, do not 
coincide the molecule is polar. It is electrically equivalent to 
a rod with a -f- charge at one end and a --- charge at the other, 
and in an electric field it tends to arrange itself with the — 
end towards the + pole of the field. Every isolated atom is 
non-polar, and, as a rule, with a covalent bond where the 
electrons are shared equally between two atoms the molecule 
is non-polar, e.g Hg, Nj, but if they are shared unequally the 
molecule becomes polar, and the great majority of compounds 
with covalent links are of this type, e.g. CHoCl, CgHg-OH, 

Compounds with symmetrical formulae, e.g. CH4, 02^^, 
CeHe, CipHg, are non-polar. 

The dipole moment is expressed by the product of one of 
the charges and the distance between them. 

For an electro valent link, e.g. NaCl the dipole moment is 
the product of the charge on a univalent ion, i.e. 4*77 x 10”^^ 
electrostatic units, and 2*81 x 10“* cm., i.e. 13-4 x 10“^® 
units, usually termed debyes. 

The methods of measuring dipole moments are based upon 
(1) the determination of the dielectric constant. This gives 
the most accurate determination; (2) the optical method 
due to Debye and Lange, which is less accurate; (3) molecular 
beam method {Frcuser, Molecular Bays, Cambridge, 1931). This 
method is still less accurate and is used only when methods 
1 and 2 are not available, e.g. with relatively non-volatile or 
insoluble compounds. Methods 1 and 2 give best results with 
determinations made in the gaseous phase or in very dilute 
solution in non-polar solvents. 

The following deductions have been drawn from measure- 
ments made by the above methods. 


• R. J. W, Le FSvre, Dipole Moments, London, 1938. P, Debye, Polar 
Moments, 1929. C. P, Smyth, Dielectric Constants and Molecular Struc- 
ture, 1931. For summaries, (a) Sidgwick, The Covalent Link in Chemistry, 
1933, Chap. V; (b) Waters, Physic^ Aspects of Organic Chemistry, 1936, 
Chap. IV; (c) Emeleus and MicUl, J. Ind., 1937, 33; (d) Trans. Far., 1934, 
and appendix. 
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Non-polar Molecules. — The great majority of diatomic 
molecules X2, i.e. both atoms the same, are non-polar, with 
the exception of CI2 and Br^. Triatomic molecules of the type 
B*A-B are non-polar when the three almost lie in a straight 
line, e.g. HgClj, COg, CSg. If, however, the links form angles 
the compound is polar. SOj is probably 0^ 8 0. The tetra- 

atomic molecules NHg, PHg, and their alkyl derivatives are all 
polar and have the tetrahedral structure. Compounds of the 
type AB4 should be non-polar with planar or tetrahedral 
configurations. Most paraffins are non-polar, the introduction 
of CHg for H producing no polar efiect. 

The methods described give the moment of the whole 
molecule, but this is the sum of a series of partial moments 
characteristic of each tyj)e of link in the molecule. Each of 
these is a directional moment and the molecular moment is the 
vector sum of these individual moments. If the value of each 
partial moment were known it would be possible to calculate 
the molecular moment of any compound. 

Moments of individual Li^ and Direction of Moments. — 
The fact that the molecule of a hydrocarbon is non-polar does 
not necessarily mean that each link C — H or C — C is non- 
polar, as no matter what the dipole moments of the C — H 
link in methane were, the symmetrical spatial structure of 
the molecule would render this non-polar. For any given 
covalent link A — B it is necessary to know the direction of 
the moment, i.e. which atom is + and which — charged. The 
method of depicting a dipole is by placing an arrow pointing 

away from the + end and crossed at the -f end, e.g. C — Br. 
The method of determining the direction was suggested by 
J, J. Thomson with a para-disubstituted derivative of benzene, 
CgH^Xg; the structure is planar and the two links C — X lie 
in a straight line, and their polarities neutralize one 
another, so that the molecule is non-polar. With a 
para compound CeH4XY, when the C atom is + in 

both links, i.e. C — X and C — Y, the dipole of the com- 
pound will be the difference between the dipole moments 

of the compounds C^H^X and CgHgY; whereas with C — X 

and C — Y the dipole of CgH4XY will be the sum of the two 
dipoles, i.e. will be greater than the moment of either CgHgX 
or CgHgY. It is assumed that in nitrobenzene the direction is 
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C — NOg, i.e. away from the ring. Then by comparing the 
dipole moments of the following compounds: 


Nitrobenzene 

3-9 

p-Nitrochlorobenzene 

2*6 

Chlorobenzene 

.. 166 

Nitrobenzene 

.. 3-9 

p-Nitrotoluene 

4*6 

Toluene 

.. 0-4 



Nitrobenzene 

. . 3-9 

j9-Nitraniline 

71 

Aniline 

.. 1-6 


the following conclusions can be drawn: 

C — Cl, C — CH 3 , C-NHg, and by similar methods C — CN. 

The table below gives a list of the usually accepted values 
for the dipole moments of the commoner links in organic 
compounds expressed in the usual units but omitting 
XI0~^®. These values have been calculated by methods in- 

TABLE 


Link 

Moment 

din A 

Fraction of 
Electronic 
Charge 

Bond 

Rcfractivity 

H— C 

0-2 

1*14 

0*04 

1*7 

H— N 

1-5 

108 

0*26 

1*8 

H— P 

U-55 

1*24 

0*1 


H—0 

1*6 

1*07 

0*31 

1*86 

H-^S 

0*8 

1-43 

0*6 


C— N 

0*4 

1-48 

0*06 

1*55 

teN 

3-3 

116 

0*61 


C— 0* 

0*9 

1*47 

013 

1 43 

C=0* 

2*6 

1 27 

0*42 

3-42 

C— S 

1*2 

1*83 

0*16 


o-s 

30 

1*69 

0*40 


0~F 

1*6 

1*46 

0-22 

1-6 

0-~Cl 

17 

* 174 

i 0*21 

6*67 

C~Br 

1-6 

1*90 

0 17 

9*47 

C— I 

1*4 

2*12 

0 16 

14*6 

N— 0 

0*6 

1*41 

008 


N -0 

; 1-9 

1*21 

0*34 


Cr~C 

— 

1*62 

— 

1*21 

(aliph) 

C-=C 




415 


— 

M9 

— 

1 602 

t 


• For different value sec Rep., 1936, 220. The values for d have been 
determined by various methods, namely X-ray examination, electron 
diffraction, &c. 
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volving certain assumptions including the following: (a) The 

value for the C — H link is 0*2, but it may have any value 
between 0 and 0*2 ; (6) the value for a given link is unaffected 
by other links in the same molecule: this may be approxi- 
mately true except for aromatic compounds; (c) the valency 
angle is 109*5®, whereas in certain compounds with two 
and three covalencies, e.g. HgO, NHj, the value may be 90®. 

The following general conclusions can be drawn from the 
numbers given in the table: 

1. In aU cases II in the link H — X is + to X, and in the 
link C — X carbon is the + end, except with C — H. Generally 
an atom belonging to an earlier period forms the + member 
in any pair, and this is confirmed by wave mechanics. 

2 . The moments of both H — X and C — X increase as the 
atomic number of X increases within a period, e.g. 
C — N < C — 0 < C — F, and also as X decreases within any 
group, e.g. H — As < II — P < H — ; P — Br < P — Cl. Ex- 
ceptions are C — 0, which is less than C — S, and C — F, which 
is less than C — Cl. 

3. With multiple Unks the moment increases more rapidly 
than the number of links, cf. C — N and C^N, C — 0 and C -^0, 
C — S and C=^S. A knowledge of the dipole moment of a link 
and of the distance between the two nuclei permits the calcu- 
lation of the residual charges carried by each atom due to the 
unequal sharing of the linked electrons. The value is generally 
expressed as the fraction of the normal electron charge. Values 
are given in column 4 in the table. 


Bearings on Organic Structure 

1. Compounds with co-ordinate links, as might be expected, 
have relatively high polar moments, e.g. sulphoxides and 
Bulphones value 4-9, also additive compounds of BCI3, AICI3, 
with ethers, nitriles, and amines. 

2. The observed increase in molecular polarization with 
concentration is explicable on the basis of molecular associa- 
tion due to the formation of co-ordinate links. 

3. The power of H to act as an acceptor. Never with C — H 
link, rarely with N — H, but readily in 0 — H and F — ^H. 

4. Cis- and frans-isomeriam. The symmetrical trans com- 
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pound is non-polar, whereas the cis compound is distinctly 
polar. Hence in certain cases when only one form is known 
it is possible to determine its configuration from a determination 
of its dipole moment. 

5. Oximes. The dipole moments of the two stereo-isomeric 
N ethers of 7 ?-nitrobenzophenone oxime 

Me 

^0 

are as follows. The a-methyl ether, m.-pt. 159°, has a 
moment 6*60, and the )S-methyl ether, m.-pt; 136°, a value 
1*09. The a-compound with the high moment will obviously 
have the syn structure I as the two strongly polar groups 
NOg and NO with co-ordinate links are close together, and 
hence augment each other, the j3-compound with the low 
monient will have the anti-configuration II, where the NO 2 
and NO groups are on opposite sides of the molecule. As the 
a-oxime corresponding with the a-N-ether gives jp-nitro- 
benzanilide by the Beckmann transformation and the j8-oxime 
gives benzo-p-nitranilide under similar treatment, it follows 
that the OH of the oxime changes place with the hydrocarbon 
radicals on the opposite side of the CN group, as suggested by 
Meisenheimeff and not with the syn hydrocarbon radical, as 
suggested by Hantzsch (cf. Chap. L, Cl) (Taylor and Sutton, 
J. C. S., 1931, 290): 

I ^\N-~C,H,-C-CJI» II C«H,~-C~CeH, 

0*^ !l 0^ II 

O^N— CH, 

The same authors have also used the study of the dipole 
moments of the O-ethers of a- and jS-p-nitrobenzaldoximes 
and O-ethers of a- and jS-^-nitrobenzophenone oximes (ibid. 
1933, 63). 

6. Azides. — There are three possible structures for azides: 

1. R— N< II 2. R— N--N N. 3. R~N ^ N^. 

\N 

The relatively low dipole moments of aromatic azides point to 
structure 1, as both 2 and 3 with co-ordinate links should 
have large moments. The volatilities and parachors support 
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this view, but X-ray examination of crystals of metallic 
azides shows the azide ion to have the rectilinear structure 

or N— N— N. 

7. Diphenyl Derivatives. — The fact that j}j)'-di-derivatives 
X*C(,H 4 *CeH 4 *X have practically the same moments as the 
p-compound X*C^H 4 ‘X proves that Kaujier's formula, where 
the two rings form an angle with each other, cannot be correct, 
but that the rings lie in a plane. 

8 . Benzene Derivatives. — On the basis that benzene has a 
planar structure, Thomson (1923) has shown that the dipole 
moment of any disubstituted derivative, CeH 4 X 2 , must have the 
following values, provided the moment of the link C — X = m 
is known, and assuming that the value of the angle between 
the 0 — X valencies is 60° in ortho , 120° in meta, and 180° 
in para compoimds: 

For ortho: V -f t/i* 4 2m® cos 60° — 3m. 

For mota; ^ + 2m® cos 120° “ m. 

For para ; 0. 

When the two substituents are different, say X and Y, and 
where the moment of C — X = and C— Y = WI 2 , then the 
moments of the compounds OgHjXY are: 

ortho - ^ 4 - wj + 
meta V rrii* 4- rn^ 4- 
para = — m,. 

When the moments of C — X and C — Y have different 
directions, the same equations hold, but the signs must be 
taken into account. 

The values of the moments of many disubstituted derivatives 
have been determined and compared with the values calcu- 
lated as above. The values for the o-compounds are markedly 
15 to 20 per cent lower than the calculated values where the 
two substituents have dipoles of similar sign. With m-com- 
pounds the two values agree within 10 per cent. With many 
para compounds the observed value for 0 ^ 114 X 2 is zero, but 
exceptions are met with in the case of a compound p- 
CeH 4 (OMe) 2 , where p. *= 1*74, and numerous other compounds 
containing 0 in the side chain, e.g. ^-CeH 4 {CHO) 2 , p = 2*35, 
P“C 0 H 4 (CO 2 Me) 2 , p 2-3. With such compounds the resultant 
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moment does not lie in the central line of the molecule, the 
limiting positions being represented by 



where the link — OCH 3 is included in the nuclear plane. 
Compounds of the type jp-CgH 4 (NMe 2)2 and P'C^H 4 (CH 2 C 1)2 
also have definite moments. 


Free rotation of the groups CHg-O — or — NMog or — CHgCl 
about the link joining them to the nucleus may be assumed; 
it may also be assumed that the mean position of the grouj)s 
lies much nearer to II, which is distinctly polar, than to I, 
which is non-polar. 

9. Symmetrical tetrasubstituted methanes such as CCI4, 
C(CH 2 C 1 ) 4 , C(CH 2 Br) 4 , and C(CH 2 l )4 have no moments and 
hence have perfectly symmetrical structures. Numerous 
analogous oxygen compounds, e.g. C(OMe )4 — OA, C(OEt )4 == 
M, C(CH20H)4 = 2 0, C(CH2Ac) 4 - 2*18, C(CH2*C02Me)4 - 2*8, 
C(CH2*C02Et)4 = 3*0, have dwtinct moments, the values 
being represented by the number given above. X-ray exami- 
nation of the crystals of such substances supports the view that 
in these compounds the symmetrical structure is not maintained. 

10. Restricted Rotation. — In compounds of the type 
CIH 2 C — CHgCl it is concluded that free rotation about the 
C — C link is possible, as otherwise isomeric forms would be 
possible. In the vapour phase the chlorine atoms appear 
to be as far removed from one another as possible, as the 
moment is practically zero. At lower temperatures, however, 
a distinct dipole is present, and other positions of the chlorine 
atoms must be assumed, e.g. a partial restriction of the rotation 
has developed. The same phenomenon is observed with com- 
pounds such as CH 2 (C 02 Et) 2 , [CH 2 ] 8 (C 02 Bt) 2 , and [CHJie 
{C02Et)2, which have 11 = 2‘5. 

For acids and esters, R' — , the dipole moments do not 

\OR 

vary in a given series. For saturated fatty acids the value is 
14 and for esters 1-8. For the two possible extremes 
O O 



li 

/R 

II R \y 
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tho calculated values for are 3-4 and 1*1. It appears that 
rot/ation is prevented, and the groups oscillate about a mean 
configuration of minimum potential energy corresponding 
roughly with II, and thus indicating a repulsion between R and 
R' and an attraction between 0 and R. 

Compounds of the following types, p-nitraniline, p-nitroso- 
dialkylanilines, pyrones, thiopyrones, give anomalous dipole 
values, and Sutton (Trans. Far., 1934, 789) suggests that 
this may be due to a type of inner salt formation, e.g. 

0N:<^ ^iNMe,. Such a compound would react with (1) 

H, OH or (2) CHai, giving rise to (1) OH‘NMe 2 :CaH 4 :N*OH 
OH*CeH 4 *NO, and (2) INMe 2 :C 6 H 4 : NOMc, and with benzoyl 
chloride would give ClNMej : Cell 4 : N*0*C0Ph. 

It has been pointed out that the strength of an acid as 
measured by its dissociation constant varies with the type 
of substituents present (p. 193 and Chap. XXVI), and attempts 
have been made to correlate the dissociation constant with 
the polar characters of the substituent groups. 

For the methane series the relationship can be expressed as 
log k = log fco ~ where k^ is the dissociation con- 

stant for acetic acid, k that for any other saturated fatty acid, 
C and a are constants, and p is the dipole moment of the acid. 
The change in strength of the acid is thus entirely due to dipole 
(inductive) effects of the substituent groups. 

A similar generalization holds for m-substituted benzoic 
and phenylacetio acids, but with NOg, Cl, Br, OMe in ortho- 
or pam-positions the relationship is more complex (J. C. S., 
1933, 893; 1934, 161, 1888; 1935, 343; J. Ind., 1935, 735). 

For discussion of the effects of the solvent on the measure- 
ment of dipole moments see Glasstone, Rep., 1936, 117. 


Relative Polariaability of Bonds 

The relative polarizability of covalent bonds depends 
primarily upon the relative mobility of electrons within the 
system, and is deduced from refractivities. Molecular re- 
fraction as determined by Fajam and Knoor (B., 1926, 256) 
and Smyth (Dielectric Constants and Molecular Structure, 
New York, 1931) have led to bond refractivities (P*), and as 

( B 480 ) 42 • 



1200 LXXI. PHYSICAL PROPERTIES AND CONSTITUTION 


these bear a linear relationship to bond polarizabilities they 
can be taken as measures of tlie latter. For values of P® see 
column 5 in table (p. 1284). These values are practically 
of the same order as the reactivities, e.g. of the organic halides 
involving elimination of the halide ion. 


H. Molecular Volume, Parachor and 
Molecular Magnetic Rotation 

The method adopted in all cases is to determine the mole- 
cular value for compounds of known composition and from these 
to calculate atomic values, namely, normal atomic volume, 
atomic parachor, and atomic magnetic rotation. At first it was 
thought that molecular volumes were purely additive, but 
later experimentation proved that constitution is also impor- 
tant, as the value for C varies according to the linking between 
the 2 carbon atoms, i.e. single, double, or triple bond, and 
the same holds good for 0, S, and N attached to carbon. 

1. MOLECULAR VOLUME 

The mol. vol. is given by the expression mol. wt./vSp. gr., 
and Kofj) (1842) was the first to examine the mol. vols. of 
numerous compounds. The results showed that in a homolo- 
gous series an increase of CH 2 in composition corresponds 
to a fixed increase in the molecular volume, approximately 
22, and as the at. vol. of carbon is twice that of hydrogen 
it follows that in many series of compounds the at. vol. of 
C — 11 and of H ~ 5-5. This holds good for paraffins, satu- 
rated alcohols, ethers, esters, &c. The value for oxygen 
depends upon its type of linking; for alcohols and ethers, 
i.e. C — 0 — H or C — 0 — C, the value is 7*8, but for carbonyl 
compounds, i.e. 0*^0, it is 12*2. Subsequently iScAijf proved 
that the carbon value varies with the type of linking, i.e. 
single, double, or triple. The calculated value for the mol. 
vol. of ethyl formate, H-CO O-CHg-CHg, is 3C = 33, 6H = 33, 
10: = 12*2, and 1*0* == 7*8, total 86*0 compared with the 
experimental value 85 to 86. 

The method has not been used to any appreciable extent 
for determining the structure of organic compounds, as it 
suffers from the defect that the mob vol. varies appreciably 
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with temperature. For further details, cf. Thorpe^ J. C. S., 
1880, 327; Lassen, A., 1883, 214, 138; Horstmann, B., 1885, 
766; Schiff, A., 1884, 2M, 71; also Le Bas, “Molecular Volumes 
of Liquid Compounds ”, London, 1915, and Sugden (J. C. S., 
1927, 1780) for Molecular Volumes at Absolute Zero. 


2. THE PARACHOR* 


This physical constant was introduced by Sugden in 1924 
for the study of the structure of organic molecules. It is 

My* 


expressed by the equation P 


D ~ ^ 


where M — mole- 


cular weight and y, D, and d the surface tension, density 
of liquid and density of vapour at any temperature, or 
P = MC*, where C — Macleod’s constant and is equal to 
y/(D - d)4 (J. C. S., 1924, 1185; 1929, 1055). The parachor 

0-77 mol. vol. at the critical temperature. 

The parachor is an additive and also a constitutive property. 
Isomeric esters all have the same value, and the positions of 
the substituents do not aSect the parachor of a di-substituted 
benzene derivative. Cis- and trans-stereoisomerides usually 
give the same value for P. In any given homologous series 
the increment CHg corresponds with a rise of 39-6 in P. 

The closing of a ring has an appreciable effect, greater 
with a small than a large ring, and unsaturation as represented 
by an olefine or acetylene linkage has a most marked effect, 
whereas conjugation of two olefine linkages produces the same 
effect as two such bonds farther removed in the molecule from 
one another. The double linking, whether C:C, C:0, C:S, 
C:N, or N:0, has the same value provided it is non-polar, 
and similarly the value for C-C and C-N is the same. 

The following atomic and structural parachors have been 
determined by Sugden and others: 

C =4-8, H « 17*1, N = 12*5, P « 37-7, 0 - 20, S« 48*2, 
F = 25*7, Cl = 54*3, Br = 68-0, I = 91, triple non-polar 
bond == 42, double non-polar bond = 20, 3-membered ring 
14, 4-mem bered ring = 11*6, 5-membered ring *= 9*5, 6-mem- 
bered ring ~ 5*6, and 7-membered ring = 3, Og in esters 
= 60*0, not 63*2 (i.e. two oxygens plus double bond or 40 -f 
23*3). (For a somewhat different set of values, see Mumford 
and Phillips, J. 0. 8., 1929, 2112; Vogd, 1934, 333.) 


• Sugden, ** The Parachor and Valency ”, Routledge, 1930, 
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The parachor observed for benzene, viz. 206-2, is almost 
identical with that calculated for 6C + 6H + 3 olefine bonds 
-f 6-membered ring, i.e. 207*1. 

The following corrections must be used: all esters —2, 
OH group —5, NH 2 , NHR, or NR 2 "~2-5. 

The lower value observed in the case of esters may be due 
to interaction between the two oxygen atoms and a reduction 
of unsaturation (cf. Smedley, J. C. S., 1909, 231). 

The parachor value has proved useful in the study of certain 
structural problems, e.g. paraldehyde (p. 152) might have 
either an open chain structure, On*CHMe*CH 2 -CH{OH)- 
CHj-CHiO, P calculated «» 317, or the cyclic structure 

HMeOv. 

NCHMe, P calculated - 300. 

HMe-Q/ 



The value actually found, viz. 299, points to the ring formula. 
In the case of p-quinones (Chap. XXV, E.) the parachor value 
points to the ketonic and not the peroxide structure. The 
symmetrical structure for the chloride of succinic acid, viz. 

Ov 

CK 

and of the two phthalyl chlorides the one melting at 15® 
appears to be the symmetrical and the isomer melting at 
88*5® the unsymmetrical, 


./ 


.0 




agrees best with its parachor value, 



and thus confirms OU and Pfeiffer's view (B., 1922, 413; cf. 
p. 535). 

The values for benzil and similar a-diketones agree with 
the usual ketonic formulae rather than with cyclic systems, 
whereas the colourless isomeric forms sometimes isolated 
(B., 1922, 1174, 3753; Irvine, J. C. S., 1907, 541) are the cyclic 
or peroxide compounds. Chemically they are far less active. 

The study of parachor values has proved most useful in the 
case of C/Ompounds containing double linkages between oxygen 
and sulphur or oxygen and nitrogen. The parachor values 
for alkyl carbonates, nitroso-compounds, al%l nitrites and 
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Bulphonea as determined experimentally agree perfectly with the 
values calculated on the assumption that these compounds 
contain the non-polar double linking between C and 0, N and 
0, S and 0, i.e. the formulae, 

yOEt 

o:o( , c.H* N : 0, Eto N : o, 

^OEt 


but with alkyl sulphites, alkyl sulphonates, alkyl sulphates, 
nitro compounds, azoxy compounds, and the N ethers of oximes 
the observed values for the parachor do not agree with the 
values calculated from the usual formulae for these compounds, 
the observed values always point to a lower degree of unsatura- 
tion, i.e. fewer non-polar double linkages. These cases are 
readily explicable if the presence of a semi-polar double bond 
(p. 18) or co-ordinate link is assumed, as indicated in the 
formulae : 


Ethyl phosphate 

(EtO),P— 0 

or 

(Et0),P->0 

Ethyl sulphite 

(EtO)jS— 0 

or 

(Et0),S->0 


^ /O 

(McO),S' 



Methyl sulphate 

or 

(MeO)X 

^0 


^0 



Kt, , ,6 

MeO ^ “^0 


O 

Methyl ethauesulphonate 

or 



. yd 


^0 

Nitro- benzene 

C.H,n/ 

^0 

or 

^0 





Azoxy benzene 


or 

^0 


Benzaldoxime N-methyU no no‘xr/ 
ether 1 . N<;^ 


O 


\CH, 


C,H,— CH-N<( 


O 

CH,. 


Such formulae are now generally accepted since: 

1. The observed and theoretical values for the parachors 
agree within narrow limits. 

2. They admit of most of the elements in the compound 
being represented with the stable outer octet of electrons, 
whereas ordinary dicovalencies give ten or more electrons in 
the outer sphere of some atoms. 
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3. They are in harmony with many stereochemical observa- 
tions which are not explicable when ordinary dico valency 
links are used (cf. amine oxides, alkyl sulphites, See., disul- 
phones, Chap, L, E.). 

4. On this view a dipole is present in such systems, and this 
will tend to increase the dielectric constant and also associa- 
tion but to diminish volatility, and this is in agreement with 
what is known of the compounds. 

The study of parachor values has proved of value in the 
case of azoirnides. Both parachor values (B., 1928, 1529) and 
molecular refraction and dispersion values {Philip, J. C. S., 
1908, 918; 1912, 1866) favour Cur tins' cyclic formula (B., 1890, 
3023) rather than the open chain formula II {Thiele, B., 1911, 
2524): 

1 R-N< II II R-n:n:N. 

^N 


3. MOLECULAR MAGNETIC ROTATION 


The magnetic rotation is observed when a liquid or solution 
is examined in a strong magnetic field, e.g. between the poles 
of an electromagnet. It is quite distinct from the optical 
rotation observed with compounds with dissymmetric mole- 
cules (this Chap., I.). 

Most of the observations have been made by W. U. Perkin, 
Senior (J. C. S., 1884-1902, and for new form of apparatus, 
cf. J. C. S., 1906, 608), who determined the molecular magnetic 
rotations of numerous series of compounds. The value is 


calculated from the 


formula where 


M == mol. wt., 


a == observed rotation using a column of liquid I cm. long, 
and d = specific gravity of the liquid, 18 is the molecular 
weight of water, oj its observed rotation, rfj its density, and 
the length of column used. It was not found possible to obtain 
definite atomic magnetic rotations for different elements and 
then to calculate the molecular rotations from these values 
as described under molecular volumes and parachor, but it 
was found possible to calculate the molecular magnetic rota- 
tion f of a compound from the equation 


r « C + n 1023, 


where n represents the number of carbon atoms in the com- 
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pound, and C is a constant for a particular homologous series 
but differs from series to series. 


A few of the constants are: 



n- Paraffins . . 

. . 0*613 

Higher esters 

0-337 

iso- Paraffins 

. . 0 631 

Aldehydes 

0-263 

w- Alcohols . . 

. . 0-699 

Alkyl chlorides 

1-988 

Alcohols 

.. 0*844 

Alkyl bromides . . 

3-816 

n- Fatty acids 

.. o:i9i 

Alkyl iodides 

8*011 

Alkyl acetates 

. , o*:m 




The molecular magnetic rotation of a complex compound can 
be calculated by taking as the series constant the mean of the 
series constants of the various groups of compounds which it 
represents. Thus ethyl lactate, CH3-CH( OH) *00202115, pos- 
sesses the groupings characteristic of an ethyl ester and also of 
a secondary alcohol; the series constants for these are: 

Ethyl ester 0*337; secondary alcohol = 0-844. Mean == 0-690, 

The series constant for ethyl lactate and homologues is thus 
0*590, and the molecular magnetic rotation of the lactate 

6 X 1 023 -f 0*690 - 6*706, 

which agrees very well with the experimental value, 5*720. 
The values of their molecular magnetic rotations have been 
used by Perkin in discussions on the constitutions of certain 
tautomeric compounds, especially those of the keto-enolic type, 
but the method is not one of those in general use for deciding 
structures. 

Some general conclusions drawn by Perkin are: 

(i) Monoketonic compounds and keto-esters, which react 
as tautomeric substances, as a rule, have the ketonic and 
not the enolic structure, except when a number of negative 
groups, such as phenyl and carboxethyl, -COgCgHg, are present. 
These have an enolizing tendency, as shown in ethyl benzoyl- 
acetate, CgH5*C0*CH2*C02C2H5, which, according to Perkin, 
is a mixture of some 75 per cent of the keto- and 25 per cent 
enolic compound. 

(ii) Acetylacetone at 17° consists of a mixture of some 
80 per cent of the hydroxy-ketone, CH3*CO*CH:C(On)*CH3, 
and some 20 per cent of the dienolic form, CH3*0(OH):C: 
C(0H)*CH3. If alkyl radicals replace the hydrogen atoms 
of the methylene group of acetylacetone, the tendency to form 
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the enolic form is less marked, whereas the introduction of 
negative groups, -COgEt, increases the tendency. 

(iii) Rise of temperature favours ketonization. 


4. MOLECULAR REFRACITON 

The molecular refraction, like the molecular volume, is to 
a large extent an additive property, i.e. the molecular refrac- 
tion is the sum of the atomic refractions of the atoms present 
in the molecule, but it is to a certain extent constitutive; 
thus the oxygen atom has distinct atomic refractions according 
to whether it is in the carbonyl or oxide state of combination. 

, ... sine of angle of incidence 

The refractive index itself, n = ; — r-- - ■ . - , 

sine of angle of refraction 

does not lend itself to the study of generalizations, but, 
according to Gladstone and Dale (1858), such generalizations 

•/' ^ 1/1 


are found when the specific refractory power. 


(where 


d = specific gravity), is employed. This specific refraction 
varies but little with the temperature; thus with water: 


Specific refraction 


0" 10" 20" OO*** 100" 

0-3338 03338 0-3336 03321 0-3323, 


and is not largely affected by the presence of other substances. 
A second formula for the specific refractive power has been 

— 1 

introduced by Lorentz and Lorenz, viz. t-j-t— this has the 
^ ’ (n* + 2)d 

advantage that the value appears to be independent of the 
physical state of the compound: 


Water . . . . 10® 

Carbon disulphide 10® 
Chloroform . . 10® 


Lorentz-Lorenz 
Gas Liquid 

0-2068 0-2062 

0-2898 0-2805 

0-1796 01790 


Gladstone- Dale 
Gas Liquid 

0-3101 0-3338 

0-4347 0-4977 

0-2694 0-30(X) 


When the refractive powers of different substances are com- 
pared, it is usual to employ tl^e molecular refractive powers 
rather than the specific refractions. The molecular refraction 
is the product of the specific refraction into the molecular 


weight; according to Gladstone 
M(n2~l) 


and according to 


Lorenlz-Lorenz 


d(n^ + 2y 
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The study of molecular refraction has proved of great value 
in the study of the structures of organic compounds. It is 
necessary to indicate the special light employed, e.g. the D 
sodium line or the a hydrogen line, as the value varies with 
light of different wave-lengths. 

Landolt examined the molecular refractions of the members 
of several homologous series, and came to the conclusion that 
the molecular refraction is an additive quantity, and that 
similar changes in composition induce similar changes in the 
molecular refractive power: 


CH3 OH .. 

OH .. 
Cjlb-Oll . . 
04113* OH . . 
C,H„OH 


Alcoliols 


M(n — 1 ) 
d 

13- 17 
20-70 
28-30 
30- 1 1 
43-38 


Acids 


M(n - 1) 


Diff. 


~d niff. 

7-53 

H-COjH .. 

.. 13-91 ,y.2(i 

- V 7-60 

CHaCOjI 


7-81 

CjH.uoai 

•• f -''’’ ^ 7-65 

7-27 


.. 30-22 


C 4 H,-C 03 H 

, . -M-OO 


and similarly for various groups of esters, the mean value for 
the CHg group being 7*0 units. By methods similar to those 
described under molecular volumes, values were obtained for 
the atomic refractive powers of the elements for the a line, 
e.g. C - 5, H - 1*3, 0 - 3, Cl = 9-79, Br = 15-34, &c. The 
values thus obtained for the halogens are practically identical 
with those determined for the elements in the free state. 
The molecular refraction of any simple carbon compound can 
be calculated by adding together the atomic refractions of the 
constituent elements. Thus, for ethyl alcohol, CgHgO, the 
calculated molecular refraction i82x5 + 6xl-3 + 3 = 20*8, 
and that actually found experimentally is 20*7. 

According to Landolt, the molecular refraction is purely 
additive, and thus isomeric compounds should possess identical 
molecular refractive powers. This is largely true in certain 
cases, e.g. the compounds CsHcOj — propionic acid, 28*57; 
methyl acetate, 29*36; and ethyl formate, 29*18. 

In a series of investigations begun in 1878 (A., 1879, 200 , 
139; 1880, 200 , 1 and 255) BriiM examined the influence of 
atomic grouping on the molecular refraction, and was able to 
show that the property is not purely additive, but to a certain 
extent constitutive. Thus a comparison of the experimental 
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and calculated values for unsaturated and the corresponding 
saturated compounds at once exhibits anomalies: 


Allyl alcohol, Cglb^O 
Propyl alcohol, CgllgO 


M(«- 1) 
■■ d 
Obsorvod. 
27*88 
28*60 


for a-line. 
Calculated. 
25*8 
28*4 


Difference. 

2*08 

0*2 


Similarly in other unsaturated compounds it is found that a 
double bond between two carbon atoms usually increases the 
molecular refraction by about two units (mean value 2-15), 
and a triple bond by 1-95 unit. 

Other polyvalent elements have atomic refractions which 
vary with their state of combination; thus oxygen in carbonyl 
compounds has the value 3*4, but in hydroxy-derivatives and 
ethers the value 2*8. The following is a list of some of the 
more important atomic refractions used by Gladstone y by 
Briihl (L.-L. formula) and by Auwers (L.-L. formula for Ha 
line) : 



Gladstone. 

Bruhl 

Auwers 

Carbon in saturated compounds . . 

.. 6*0 

2*365 

2*413 

Hydrogen 

Carbonyl oxygen in ^0 .*0 

.. 1*3 

M03 

1 *092 

.. 3-4 

2*328 

2*109 

Ether oxygen in ^C*0*C^ 

.. 2-8 

1*665 

1*639 

Hydroxylio oxygon in ^.C*O H 

.. 2-8 

1*506 

1*622 

Chlorine 

.. 9-9 

6*014 

5*933 

Bromine 

. . 15*3 

8*863 

8*803 

Iodine 

. . 2 4 r> 

13*808 

13 757 

Ethylene bond 

21 

1*836 

1*686 

Acetylene bond 

1-95 

2 22 

2*328 

Sulphur in C ! S 

.. 160 

— 

— 

Sulphur in C-S-H 

141 


7*63 

Nitrogen in compounds '^C-n/ • • 

.. — 

2*70 

2*807 


Bruhl has employed the molecular refraction for the investi- 
gation of certain tautomeric substances, e.g. ethyl acetoacetate. 
The observed value for the a-line is 31*89, and the values 
calculated for the ketonic and enolic formulse respectively, 
31*63 and 32*56: 
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Orfg OO (^Ha'CO 


6(; 

- 14*190 

lOH 

- 11*03 

20 (carbonyl) 

- 4*666 

10 (ether) 

1655 


31*631 


cHs'C(oh):chc:oo(!2H5 
60 14- UM) 

1 ethylene bond =* 1*836 

lOH » 11*03 

10 (carbonyl) *= 2*328 

10 (ether) *= l'6r>5 

10 (hydroxyl) “ 1*606 

32*646 


The conclusion to be drawn from these numbers is that the 
ethyl acetoacetate at the ordinary temperature consists mainly 
of the ketonic form, but probably contains a small amount 
of the enolic. Br0d also tested the purity of numerous com- 
pounds prepared by him, by means of molecular refraction and 
dispersion determinations in place of ordinary combustions. 
Perkin and Gladstone have examined the molecular refractive 
powers of several di- and triketonic substances. For acetyl 
acetone at 11®, using the formula M(n — l)/d for the a-line, 
the value 45*17 was obtained, and this decreased to 44*14 at 
99*3®. The ketonic formida requires 42*2, the mono-enolic 
43*7, and the di-enolic 45*2. At 11° the diketone undoubtedly 
consists mainly of the dihydroxylic compound CH 3 *C( 0 H): 
C:C( 0 H)*CH 3 , and at the higher temperature, probably of a 
mixture of the mono- and dihydroxylic forms. 

Later measurements by Auwers (B., 1911, 3530) for keto- 
enolic equilibrium mixtures show close agreement with the 
results obtained by Meyer (p. 873), and still later experi- 
ments (A., 1918, 416 , 169, J. A. C. S., 1931, 1491) show that 
the examination of specific refractivities and dispersions can 
be used for differentiating between the keto and enolic forms 
of simple aldehydes and ketones, but is of no value in the case 
of j8-di-ketones, as the mono-enolic form then contains a 
conjugate system of double bonds, which produces an abnormal 
increase in the refraction and still more in the dispersion. 

Stereo-isomerides of the type of maleic and fumaric acids 
have not necessarily the same molecular refraction. Simple 
ring formation has but little effect on the molecular refraction ; 
in the case of polymethylene compounds it produces an incre- 
ment of from 0*5 to 0*7, and in discussions bearing on the 
structure of terpene hydrocarbons weight is attached to the 
values for molecular refraction, as it is frequently a choice 
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between a bicyclic formula with no double bond or a mono- 
cyclic formula with a double bond (B., 1900, 3124; 1907, 1120), 
the latter producing an increment of 2 units. This method 
has been used in the case of thujone and sabinene. 

A hemicyclic double bond, i.e. an olefine Unking between a 
carbon atom in the ring and one in the side chain (cf. terpin- 
olene, p. 966, and jS-phellandrene, p. 966), produces a greater 
exaltation than an olefine Unking in the. ring, e.g. an increase 
in Md of 0*4. This generalization is of value in discussions 
on formulae of terpene derivatives; for example, it agrees with 
the hemicyclic linking in camphene. 

Conjugation of double bonds produces pronounced exalta- 
tion of molecular refractivity, and abnormally high values for 
Mjj can frequently be used as an argument for the presence of 
such conjugate linkings in the compounds concerned, e.g. in 
the case of a-terpinene (p. 965). The effects of conjugation 
are not simple, and are dealt with in Chap. LI, E. 

Auwers and Eisenhhr (J. pr., 1910, 82, 70; 2l^it. phys., 1910, 
75, 585; 1912, 79, 129) have shown that similar relationships 
hold for specific and molecular dispersivity. The dispersivity 
is the difference between the refractivities for colours of dif- 
ferent wave-lengths, e.g* : 


f y - fa 

and My - Ma 


n*y - 1 _ n*a - 1 

(w% + 2)d (n‘*aT~2j5 

( ?l*y " 1 _ n*a - l\m 

n*y + 2 n*tt + 2/d* 


For comparative purposes these authors use the dispersivity 
values X 100 (sp. dispersivity) and find that it varies more 
markedly than refractivity with constitution. 

Auwers and Schmidt (B., 1913, 457) show that normally 
the values for specific refractivity and dispersive power follow 
the order acid > chloride > ethyl ester. This also holds for 
many dibasic acids, and points to the symmetrical structure 
for succinyl and phthalyl chlorides (pp. 274, 536; also this 
chapter, section F. For discussion cf, Lomy, J. C. 8., 1929, 
2858), 
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I. Optical Activity ♦ 


Attention has already been drawn to the fact that com- 
pounds, the molecules of which are dissymmetric (Chap. L, 
A.) are, when in the liquid, dissolved or vapour phase, opti- 
cally active, i.e. able to rotate the plane of polarization (pp. 90 
and 179) either to the right (dextro-rotatory) or to the left 
(laivo-rotatory). The specific rotatory power [a] of a liquid is 
obtained by dividing the observed rotation by the length of the 
column of liquid used and by the specific gravity of the liquid 


[a] 


— a 


and the molecular rotation is the product of the 


specific rotatory power into the molecular weight (M). 
For a solution: 


[a] « 


lOOa 
I X c 


100a 

I X p X d 


a X V 


where c = concentration or number of grams of the active 
compound in 100 c.c. of solution, d specific gravity of the 
solution, p = per cent of active substance in the solution, and 
g ~ number of grams of active substance in v c.c. of solution. 
The specific rotatory power of a solution may often be in- 
creased enormously by the introduction of an inorganic salt; 
some of the most effective are boric acid and alkali molybdates 
and tungstates. The nature of the monochromatic light, e.g. 
sodium light, is indicated, also the temperature and the 
nature of the solvent, e.g. [a]o\ where D indicates that the 
number refers to sodium light and that the determination was 
made at 16®. Various attempts have been made to deduce 
general conclusions bearing upon the amount of rotation and 
the constitution of the compound. Guye (C. E., 110, 714:) has 
attempted to connect the degree of asymmetry of the molecule 
of a compound C a, b, c, d with the masses of the four radicals 
present and the distance of the centre of gravity of the mole- 
cTiles from the centre of the tetrahedron (C. R., 1896, 1309; 
1898, 181, 307). The researches of P. F, FranJdand and others 
(J. C. S., 1899, 337, 347, 493, &c.) have shown that Gtiye^s 
conclusions are not of general application. 

Patterson and his co-workers (for summary see Trans. F. Soc., 
1914, 10, 111, also J. C. S., 1914-39) have made a careful 


• Optical Rotatory Power ”, Lowry ^ London, 1985. 
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investigation of the influence of solvent, temperature, <fec., on 
the rotatory powers of various substances. He finds that dilute 
solutions of ethyl tartrate in water, or in methyl, ethyl or 
propyl alcohol, possess a higher specific rotation than the pure 
ester itself, that the specific rotation increases with dilution 
until a concentration of 10 gm. in 100 gm. of solvent is reached, 
and then the rotation remains practically constant. The 
highest values are always obtained with aqueous solutions, and 
the other solutions follow in the order — methyl, ethyl, n- 
propyl, isobutyl, and sec-octyl alcohol. 

The values for nicotine in various solvents have much the 
same relationships as those of ethyl tartrate (Winiher, 
Z. physiol., 1917, 60, 621). 

The effect of increase of temperature upon corresponding 
solutions varies somewhat. In water the coefficient is nega- 
tive for dilute solutions, but in the various alcoholic solutions 
it is positive, as it is also for the pure ester. 

According to Patterson the change in specific rotation with 
solvent or temperature is not to be attributed to association 
but rather to the internal pressure of the solvents. 

The different effects which two isomerides have on the 
rotation of ethyl tartrate, e.g. the syn- and anti-forms of an 
oxime, the true and aci- forms of w-nitrotoluene, and the keto 
and enolic forms of phenyl -formyl-acetic ester can be used for 
determining the velocity at w^hich the one isomer becomes 
transformed into the other (Patterson and others, J. C. S., 
1907, 504; 1908, 1048; 1912, 27, 2100; 1929, 1895). 

Pickard and Kenyon have determined the rotations of the 
different members of the series of carbinols, I, R*CH{OH)Me, 
II, R-CH(OH)Et, and III, R*CH(OH)-CHMe 2 , and the esters, 
R CO OCHR'CHg (J. C. S., 1911, 45; 1912, 620, 1428; 1913, 
1923; 1914, 830, 1115, 2226, 2262; 1915, 115; 1923, 1422), 
and draw the conclusion that there is no simple numerical 
relationship between the values for the members of any homo- 
logous series. In series I the rotation increases from ethyl to 
decyl without reaching a limiting value, but the propyl com- 
pound C 3 H 7 *CHMe*OH is abnormally high; in series II the 
maximum is reached at the amyl compound C 5 Hii*CHEt* 0 H 
and in series III at the butyl compound C 4 H 9 *CHPr'«<^*OH ; 
and with the esters Et*CHR*OAc and EtCH(C3Hi3)-0*C0R 
there is always a maximum when the total number of carbon 
atoms in the chain or the number of carbon atoms in R is 6 
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or 10 (Kenyon, Trans. Far., 1930, 440). For efTect of substi- 
tuojits ill o-benzoic esters cf. J. C. S., 1929, 2274, 2516. 

Very interesting results bearing upon the relationships be- 
tween optical rotation and structure have been obtained in the 
sugar group: 

1. Haworth and Hurst (J. C. S., 1928, 1221) have pointed 
out that in the equilibrium mixture (a- and jS-forms) of an 
aldose there is always a larger amount of the form which has 
the OH groups attached to C atoms numbered 1 and 2 in 
trans-positions, whether this be the a- or the jS-form. With 
d-glucose the amount is 66, with d-galactose 69, and with lyxose 
75 per cent. 

2. According to Hudson (J. A. C. 8., 1909, 66) the rotation 
due to carbon atom No. 1 in the case of many sugar compounds 
is affected in only a minor degree by changes in the structure 
of the remainder of the molecule: 

a-Mcthyl-fi^-xvloside \r\ct * m o-ao 

p ^ ‘ jDiflereiice in jMd ^ doO 

a-Methyl-^Z-glucose \ 

fi. „ i ” »» 

a-Melliyl-r/-gentibi()sifle j ^ 

and also a change in the structure of carbon atom No. 1 affects 
in only a minor degree the rotation due to the remainder of 
the molecule. 

a- and /S-Glucoses. Sum of Md “ 237 

a- and ^-Methylglucosides. „ = 242 

a- and jS-GlycolglucosideH. „ =* 23/) 


By this method Hudson predicted the molecular rotations 
of a large number of sugars then unknown, and these have 
been verified in 11 cases. Exceptions are known, and it is 
possible that a cis-OH group attached to an adjacent carbon 
atom has a disturbing effect (Haworth and Hirst, J. C. S., 
1930, 2616; also Hudson, Rapport sur les Hydrates de Car- 
bonne, Liege, 1931). 

3. In the case of amides of the gluconic acid series, Hudson 
(J. A. C. S., 1918, 813; Maltby, J. C. S., 1922, 2608; 1923, 
1404) finds that the spatial arrangements of the a-carbon 
atom are the deciding factor in determining the nature of the 
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rotation. In all casea ccnnpounda in which the group can be 
represented as in I are d- and *as in II Z-rotatory, 

(I) H (IT) OH 

OH CHj’[GH OHJn CCO'NH, OII CHjlCH-OHIn C-CO NH, 

OH ii 

4. For relationships between configuration of lactones of 
monobasic acids allied to the sugars and optical rotation see 
Chap. LVI, Al, and the same generalization holds good for 11 
lactones of the dibasic acids (saccharic acids). A few ex- 
ceptions are met with, e.g. (i-erythronic acid, d-mannonic and 
d-allonic acid. A modified form of the rule is, all cyclic sugar 
derivatives which have the OH group attached to C atom 
No. 4 on the right of the projection will be dextro-rotatory 
provided that an OH attached to one of the other carbon atoms, 
viz. 2, 3 or 5, has the opposite configuration, whereas, if the OH 
groups at 2, 3, 4 and 5 all lie on the same side, the lactone 
will be feebly dextro- or even Isevo-rotatory, and this is 
the structure of the three exceptions mentioned above, e.g. 
d-allonolactone : 

H H H H 

OC • C • C • C • C • CHa • OH 
OH OH OH 

5. Attention has been drawn (p. 252) to the fact that 
d-gluconic acid when heated with pyridine or quinoline at 130° 
to 150° is transformed into an eqiiilibrium mixture of d-glu- 
conic and i-mannonic acids. A comparison of the configurations 
of the two acids indicates that the change — d-gluconic to 
d-mannonic acid — is due to epimerization at carbon atom 
No. 2: 

CO,H CO,H 

HCOH HOCH 

HOCH ^ HOUR 
HCOH HCOH 

HCOH HCOH 

CH.OH CH,OH 
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A similar relationship holds good for d-galactonic and 
d’talonic acids and for fully methylated lactone derivatives, 
and epimerization at carbon atom No. 2 appears to be a fairly 
general phenomenon. 

Dibasic acids of the saccharic series can undergo epimeriza- 
tion at carbon No. 2 or carbon No. 5, e.g. ammonium mucate 
heated at 135° in aqueous solution is largely converted into 
afto-mucic acid: 

COaH CO,H 

HCOH HOCH 

HOCH ^ HOCH 
HOOH HOCH 

HCOH HOCH 

CO,H CO,H 

The following changes also indicate epimerization at carbon 
atom No. 5. 

Gluconic acid 5-ketogluconic acid two aldonic 

cone. HNO* red 

acids, viz. 1-idonic acid and a stercoisomeride : 

CO^H COail CO^H 

HCOH HCOH HCOH 

HOCH ► HOCH — ► HOCH 

HCOH HCOH HCOH 

HCOH CO HOCH 

CHjOH CHgOH CHjOH 

Numerous experiments have also been made on rotatory 
dispersion, and it has been found that Biotas generalization 
that the rotation varies inversely with the wave-length is by 
no means true, and cases of anomalous dispersion are common 
(PaUerson, J. C. S., 1916, 109 , 1139, 1176; Tschugaeff, Trans. 
F. Soc., 1914, 10 , 28; Lowry and Austin^ Bakeriau Lecture, 
T. R. 8., 1921). 

1. ABSOLUTE CONFIGURATION 

Various suggestions have been made as to which of the two 
spatial arrangements of an active compound has -f and which 
— rotation, but the conclusions based on different suggestions 
do not always agree. 
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Boys (P. R. S., 1934, A., 144 , 655, 675) has calculated the op- 
tical rotatory power of simple dissymmetric compounds C a b c d, 
where a, b, c represent H, Me, Et, and d represent OH, 
•CHg-OH or -CHg-NHg. If we assume that the molecule is that 
determined by the close packing of four spheres, corresponding 
with the four different groups, around the central atom, then 
the magnitude and the sense of the rotation is determined by 
the refractive centres in the molecule. The specific rotation 
is given by means of a formula in terms of (a) refractive index 
of the medium, (h) total refractivities of each group, (c) radii 
of the groups, {d) wave-length of light used, and (e) mol. wt. 
of the compound. 

The method also gives the absolute configuration, e.g. 
Z-amyl alcohol is 



where H, Me, Et form the base of the tetrahedron and -CHjOH 
the apex below the plane of the paper. 

Using a different method, Kuhn (Z. phys., 1935, B., 31, 23) 
concludes that the configuration of d (-) lactic acid is 



2. MUTAROTATION 

The change in rotation of an optically active solution is 
usually known as mutarotation (p. 350), and is a property 
exhibited by various optically active compounds, especially 
sugars, e.g. glucose, galactose, xylose, milk-sugar, and maltose, 
and certain hydroxy acids and their lactones, e.g. anhydrous 
lactic acid. In all these cases the rotation changes when the 
solution is kept; with glucose, for example, the value de- 
creases to half, with milk-sugar the values are as 1*6 : 1, with 
galactose 1*46 : 1, and with xylose 4-67:1. The rotatory 
powers of maltose and lactic acid solutions increase when kept. 

All acids and alkalis appear to facilitate the conversion, and 
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in the order of their degree of ionization. Common salt, alco- 
hol, and various organic compounds, on the other hand, tend 
to retard the transformation. 

Various theories have been brought forward in order to 
account for the phenomenon. The first of these assumed the 
presence of complex molecules, e.g. (C 0 Hi 2 Oe)x, in the freshly- 
prepared solution, and the gradual decomposition of these into 
the simpler molecules, CeHigOg, thus producing a lowering of 
the rotatory power. The assumption of the presence of com- 
plex molecules was rendered untenable as soon as it was shown 
that the molecular weight, as determined by the cryoscopic 
method, is the same in the freshly-prepared and the old 
solution. The second explanation was that, after solution, 
water is either withdrawn from, or added to, the original 
molecular aggregates. The present view is that the different 
rotations are due to different isomeric substances present in 
the two solutions, and that a gradual change in rotation 
accompanies the conversion of the one isomeride into the 
other. 

Tanrei (1895) claimed to have isolated three distinct modi- 
fications of d-glucose, which had the respective specific rotatory 
powers a = -f 105°, jS = +52*5°, and y = +22*5°. More 
recent work (E, F. Armstrong y J. C. 8 ., 1903, 1305; 1904, 1043) 
indicates that in the case of d-glucose only two distinct iso- 
merides actually exist in solution, viz. the a and y, and that 
the so-called ^-modification is merely a mixture of the a and 
y in chemical equilibrium. The two modifications now termed 
a and jS and not a and y are represented as stereo -isomeric, 
and correspond in structure with the a- and jS-methyl-glucosides 
(p. 350 and Chap. LVI, F.), since these glucosides, when hydro- 
lysed with enzymes, have rotatory powers of the order of those 
of the a- and ^-glucoses, and the addition of an alkali to the 
products of hydrolysis produces the same change as with 
the a- and jS-sugars. They are represented by the following 
configurations, the only difference between the two being the 
spatial arrangements of the radicals around the terminal C 
atom numbered ( 1 ): 

a>yH 

OH-CH,CHCH(OH)-CH(OH)CH(OH)- 0 < (a) 

I O ' ^HO 

( 1 ) /OH 

and OH-CH,-CHCH(OH)*CH(OH)CH(OH)C< (fl) 

! 0 ‘ 
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(Compare also Behrend and Roth, A., 1904, 381, 359, and 
Lotvry, J. C. S., 1904, 1551.) Both a- and jS-compounds can 
be isolated in a state of purity by crystallizing d-glucose 
from acetic acid, in the one case at the ordinary temperature 
and in the other hot (Hudson and Dale, J. A. C. S., 1917, 
320). The a-compound has 4- 111*2°, and the p + 17*5 
(ibid. 1919, 559). Lowry concludes that in an ordinary 
solution of glucose, in addition to the a- and jS-modifications, 
small amounts of the aldehyde or aldehyde-hydrate are also 
present. This accounts for the aldehydic properties of glucose 
solutions, and also affords an explanation of the conversion 
of the a- into the )5-glucose: 


icon 

CH(OH), 

OHCH 

OH 

CHOH 

^XcH OH 

CH-011 

OH OH 

0 CH-OH 

(TIOH 

HjO • ^ 

OH OH 

\ C’H OH 

'"CH 

CHOH 

N * 

('ll 

CH,OH 

CHjj-OH 

CILOH 

a-Glucosc 

Aldehyde-hyd i ate 

^•Ghlco8e 


f H,0 


E. F. Armstrong (J. C. S., 1903, 1305) suggests that the 
mutarotation proceeds through the addition of water to the 

oil 

oxygen atom of the ring, e.g. , and Irvine and Steele 

(1915, 1230) arrive at the same conclusion from a study of 
the electrical conductivity of aqueous solutions of tetra- 
methyl-a-glucose. According to Boeseken (B., 1913, 2612; 
Rec. trav., 1915, 84, 96, 272), a marked exaltation in the 
electrical conductivity of boric acid is produced by the addi- 
tion of a carbon compound containing hydroxyl groups 
attached to adjacent atoms. When tetramethyl-a-glucose, 

OMoCHa-CH 0l(CHOMc), CH OH, 

I n 


with only one OH group, is dissolved in dilute boric acid 
solution the conductivity of the system gradually rises to 
a maximum which persists when mutarotation is complete. 
This points to the addition of H and OH (i.e. water) to the 
ring 0 atom, adjacent to the -CH-OH group, and thus the equili- 
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brium is not between the simple a and jS sugars, but between 
the corresponding oxonium hydrates. By the aid of models 
it can be seen that by the elimination of water from the 
oxonium hydrate, and by the shifting of an atom of H from 
0 to C, the conversion of the a sugar into the is possible. 
It is probable that the mutarotation of a-glucose itself is 
therefore due to the formation of oxonium hydrates. Muta- 
rotation can also occur in non-aqueous solvents, e.g. acetone 
or formamide {McKenzie and Ghoshs P. R. S. Edin., 1914, 
35, 22), and it is probable that in these cases also the enolized 
solvent forma oxonium compounds with the ring 0 atom of 
the sugar. (For resume, see Lowry, B. A. Rep., 1904, 193; 
Irvine and Steele, J. C. S., 1915, 1230.) 

The following is a list of sugars which show mutarotation, 
with the optical rotation of the a and /S forms and of the 
equilibrium mixture: 



a 

Equil. 

P 

Glucose 

111-2° 

62-2° 

' 19-2° 

Galactose 

1445 

81 

52-2 

Mannose 

30 

14-6 

- 14 

Fructose 

— 

-93 

-133 

Sorbose 

— 

42-9 

— 

Xylose . . . . . . 

92 

19 i 

— 

/-Arabinose 

175 

105 

55-4 

/-Rhamnose 

30-2 

101 

— 

Z-Fucose 

— 

- 75-3 

-93 

Lactose 

90 

55-3 

35 

Maltose 

— 

136 

118 

Cellobiose 

— 

35 

16 

1 


Baker, Ingold, and Thorpe (J. C. S., 1924, 705) point put 
that the mutarotation of sugars is to be attributed to a labile 
H atom and is a simple case of ring-chain tautomerism (Chap. 
LIII, B4). 

o~o 

c— c c 

O-C—OH 

Both o and B cvclic forma 


0— C C— 

HO c:o 

i 

Kcto form or hydrate 
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It is now generally agreed that niutarotation of sugar 
derivatives is dependent on prototropic change, but there is 
difference of opinion as to the function of the catalyst in pro- 
moting the change (Lotcry and others, J. ph. Chem., 1929, 33, 
9; Tran. Far., 1928, 683*; J. C. S., 1925, 1371, 1385, 2883; 
P. R. S., 1928, 505; Baker, J. C. S., 1928, 1583, 1979; 1929, 
1205). 

The study of mutarotation of the two series tetracetyl- 
glucosidylanilides and the corresponding tetramethyl com- 
pounds (i.e. the OH of the cyclic tetramethylated or tetra- 
acetylated sugar replaced by ‘NHOgHg or NH-C0H4X, where 
X is OMe, Me, Br in para positions) by determining velocity 
coefficients has shown that the same sequence occurs as in 
the case of the dissociation constants of the compounds 
(7))C6H4X*NH2 as bases, which supports the tautomeric con- 
ception of mutarotation. 

The mutarotation curves of the simpler sugars, e.g. glucose 
and its derivatives, follow the unimolecular law within the 
limits of experimental error, whereas the coefficient for galac- 
tose rises frpm 0*064 to 0*0192 (equilibrium value). 

Other compounds also show mutarotation, e.g. a-nitro- 
camphor (p. 985) and bromo-a-nitrooamphor (Lowry, J. C. S., 
1899, 211). 

Each of these compounds appears to exist in tw*o distiiict 

forms, one of which contains the nitro-group , and 

/ 0 

the other the isonitro-group >C:NO’OH. Ordinary crystal- 
line nitrocamphor, melting at 102®, is regarded as consisting 
of the normal form, its homogeneity being vouched for by the 
constancy of its initial specific rotatory power ([a]© = —124° 
in 5-per-cent benzene solution) and by its well-defined crystal- 
line form. When dissolved the nitro-compound at once begins 
to change into the pseudo form, and this change is accompanied 
by an alteration in the rotatory power; with the 5-per-cent 
benzene solution the specific rotatory power has fallen to 
— 104® at the end of four days, and then remains stationary. 
This solution represents a miicture of the normal and pseudo- 
compounds in dynamic equilibrium, and assuming that the 
pseudo-compound, which so far has not been obtained in a pure 
form, has a specific rotatory power + 180° in benzene solution, 
then the solution with a rotation of —104® contains some 
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93 per cent of the normal and 7 per cent of the pseudo form. 

The velocity of the transformation, normal > pseudo, is 
increased by rise of temperature, by increase in concentration, 
and by the addition of traces of alkalis. 

The polarimetric method has also been used for measuring 
the velocity change of Z-menthyl d-phenyl-acetoacetate, CH 3 * 
CO'CHPh-COg^CjoHig, into the enolic form, CH 3 *C(OH): 
CPh-COg CipH^^ (A., 1913, 898, 372). 

Camphoric acid (Chap. LVII, C2) also shows mutarotation in 
the presence of concentrated hydrochloric acid, as isocamphoric 
acid is formed owing to the epimerization of the >CH*C 02 n 
group, whereas the >CMe‘C 02 H retains its configuration. 

Mutarotation of sugars and of nitrocarnphor is catalysed 
by acids and still more by bases. In chloroform solution in 
glass vessels nitrocarnphor readily shows mutarotation due to 
alkali derived from the glass, but the change is stopped after 
a time owing to the formation of COCI 2 from the chloroform. 

-f - 

Water molecules, as distinct from the H and OH ions, act as 

catalysts, and with pure water the catalytic activity of the 

+ — 

water molecules is 10 times as great as that of the H and OH 
ions present, as the concentration of these latter is so small. 
Other amphoteric solvents, i.e. substances wkich can both 
give and accept protons, can act as catalysts, e.g. a mixture 
of pyridine and cresol. 

The following are the catalytic coefficients for the rnutaro- 
tation of glucose solutions at 20°: 

[HCl] 0-5, [HAc] 0 0065, [H, 0 ] 0-00026, [OAc] 0-069, 

[NH4] 0-0012, [H] or [OH3] 0-36, [OH] 8(KX). 

The active esters of certain )S-ketonic acids, e.g. Z-menthyl 
acetoacetate and Z-menthyl formylphenylacetate {Lapworth, 
J. C. S., 1902, 1491), Z-menthyl d-phenylacetoacetate and 
Z-menthyl benzoylphenylacetate (Rupe and Lenzinger, A., 1913, 
398 , 372), exhibit mutarotation; this may be due to keto- 
enolic change of the keto ester. The active esters of a-ketonic 
acids also exhibit mutarotation and others. Bio. Z., 

1929-32), e.g. the esters of Z-menthol, d- or Z-borneol, d- or Z- 
^-octanols with pyruvic benzoylformic, anisoylformio and 
a-naphthoylformic acids. The change is shown in ethyl 
alcoholic solution, but not in solvents such as benzene, acetone, 
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or chloroform, and the rate of change is increased bj traces 
of acidic or basic catalysts, especially acidic, which in some 
cases produce an almost instantaneous equilibrium* From 
such alcoholic solutions by spontaneous evaporation of the 
solvent the ester is recovered with its original properties un- 
changed. All the pyruvates show decreased rotations on 
stanfing, whereas the other esters show increases. 

Benzoin methyl ether, CgH 5 *CH(OMe)*CO*CgH 5 , has a 
different rotation in ethyl alcohol from what it has in inert 
solvents (Wren, J. C. S., 1909, 1585), and f-hydroxyhydrin- 
damine and d-1 ; 2-diphenyl-2-hydroxy-ethylamine, OH-OlIPh* 
CHPh'NHj (Bead and Steele, 1927, 910), show reversal of sign 
in ethyl alcoholic or acetone solution; cf. also Wolfram 
(J. A. C. S., 1930, 2464; 1931, 2275) for crystalline alcoholate 
of aldehydopentacetylgalactose. 

In some of these cases the mutarotation is due to formation 
of solvate complexes: 

(a) Co-ordination complexes. The ester acts as a donor 
and the alcohol as acceptor. Other solvents, such as carbon 
tetrachloride and benzene, cannot act as acceptors. This does 
not explain why secondary and tertiary alcohols do not bring 
about mutarotation. 

(b) Non-co-ordination complexes. Thus the carbonyl group 
can form an additive compound — semi-acetal — with the 
alcohol ; 

/OH 

R CO ODOR' R C( OR" 

X)OOR'. 

Another suggestion is that asymmetric induction occurs, 

^:o -> y^d, 

as in the case of sulphinic esters (Chap. L, E.). 

The study of the mesomeric change, 

(a) MoPh^H N : CPh C«H 4 Cl ^ (b) MoPhC : N <5HPh C 6 H 4 Cl, 

under the influence of sodium ethoxide, where a complex ion 
is the intermediate product, shows that if we start with an 
active compound (a) the product (b) is inactive. The rates of 
racemization and of mesomeric change as determined by 
distinct methods are practically the same; the conclusion, 
however, is drawn that optical activity persists in the inter- 
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mediate ions, but that these never become kinetically free 
{Ingold and Wilson, J, C. S., 1934, 93). 

Kenyon and Partridge (J. C. S., 1936, 1313), starting with 
the two optically active y-phenyl-a-methylallyl alcohols, 
CHPh : CH*CHMeOH, by bromination obtained from each 
a pair of active dibromides: m.-pt. 112® with -f rotation and 
m.-pt. 88° with — rotation from the -f , and m.~pt. 88® with + 
rotation and m.-pt. 112® with — rotation from the other, and 
from these dibromides by oiddation two optically active 
dibromoketones were obtained, CHPhBr-CHBr-COMe, although 
the original centre of dissymmetry in the original alcohol had 


been destroyed: 







Pli 

Ph 



H— 

— Br 

H— |~Br 



H- 

_Br > 




— Me 

COMe 


Oil 

-f m.-pt. 127' 

hAo^” 

M. 

\ 

+ + m 

Br—I 

.-pi. 112“ 

Pb 
— H 

Ph 

Br— 1— H 

-f alcohol 


Bi— 

— H ^ 

Br— 1— H 



H—l 

-Me 

COMe 



OH 

~ m.-pt. 127 



-K - m.-pt. 88° 


a reaction analogous to an asymmetric synthesis (this Chap., 15). 
3. RACEMIZATION 

Numerous optically active compounds lose their activity 
when heated or when kept in contact with acids or alkalis. 
This is due to the conversion of 50 per cent of the active form 
into its enantiomorph and is the simplest example of molecular 
rearrangement (Chap. XXXVIII). 

The racemization of a-hydroxycarboxylic acids is probably 
due to enolization: 

I OH CHPh CO,H n OH CPhrqOH), m OH CHPh CO,H. 

The active compound I undergoes enolization to II, whereby 
the dissymmetry of the molecule is destroyed, and on the change 
to III, where dissymmetry is again possible, equal amounts of 
d- and ^compounds will be formed. This view is supported 
by the fact that l-atrolactic acid, OH'CPhMe*COjH, which 
contains the carboxylic group attached to the asymmetric 

(B480 ) 43 
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carbon atom but which cannot undergo tautomeric change 
owing to the absence of the necessary hydrogen atom, is 
remarkably stable and does not exhibit the phenomenon of 
raecmization (see McKenzie and Widdows^ J. C. S., 1915, 702). 

Closely related to the above are the phenomena observed on 
hydrolysing the esters or amides of optically active acids with 
alkalis {McKenzie and Wren, J. C. S., 1919, 602; 1922, 1348). 
When aqueous sodium hydroxide is used, little or no racemiza- 
tion occurs, and the resulting acid is optically active; with 
alcoholic potash, which always contains a certain amount of 
potassium ethoxide, distinct racemization takes place, and if 
the saponification is incomplete, the unsaponified ester has 
undergone racemization to a greater extent than the acid 
formed. 

In both cases the first stage in hydrolysis is probably 
an additive reaction at the carbonyl group: with aqueous 
potash KOH is the addendum, and with alcoholic potash 
KOEt. Thus with ethyl 1-mandelate in aqueous solution the 
additive compound (I) immediately breaks up into the 

OH OH OH 

Ph C'H + KOH Ph CMI Vh C H -f KtOH 

0:C0Et KOC- OEt Koc:o 

OH 
( 1 ) 

i-potassium salt and ethyl alcohol; at no stage is the group- 
ing around the asymmetric C atom disturbed. In alcoholic 
solution the additive compound (II) is optically active; 

OH OH OH OH 

PhC-H -► PhC PhCH PhC-H 

KO COEl KOC KOC OH ' Et0C:0 

OEt OEt OEt 

(II) (III) (IV) 

but by the elimination of alcohol gives an unsaturated inactive 
compound (III), which adds on water and loses KOH, yielding 
a mixture of equal amounts of d and I esters, as the re- 
formation of the asymmetric C atom in (IV) is a synthesis 
from a compoimd previously devoid of one, and therefore 
results in the formation of equal amounts of optical antipodes. 
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The inactive ester in its turn is hydrolysed to inactive acid. 
The additive compound (IV) is identical with (I), except that 
it is the d-Morm, and the reason why it decomposes into KOH 
and ester rather than into potassium salt and alcohol is prob- 
ably due to the presence of the large excess of alcohol which 
would prevent the dissociation in that particular direction. 

Ketones of the type MePhCH*CO*Ph are readily racemized 
in the presence of alkali, probably owing to enol formation 
(J. C. S., 1926, 779). 

Traces of alcoholic potash added to Z-menthyl Z-phenyl- 
chloroacetate, C^Hg-CHCbCO-OCi^jHig, produce racemization 
of the acyl (due to enolization) but not of the alkyl portion 
of the ester, and the result is a mixture of Z-menthyl d-phenyl- 
chloroacetate (43 per cent) and Z-menthyl Z-phenylchloroacetate 
(57 per cent), and the same proportions are formed if Z-menthyl 
d-phenylchloroacetate is the starting-point (B., 1923, 1962; 
1924, 1582; 1925, 894; 1931, 1116). 

The racemization shown by many optically active acids and 
bases derived from diphenyl (Chap. L, A5) is to be attributed 
to the rotation of the substituted phenyl groups about the 
common axis. This rotation can be hindered but not com- 
pletely blocked by certain ortho substituents, e.g. 2 : 2'- 
disulphonic acid, or 2 : 2'-diiodo-4 : 4'-dicarboxylic acid. 


4. THE WALDEN INVERSION 

A simple type of molecular rearrangement occurs during 
what is termed the Walden inversion, the first example of 
which was the conversion of Z-chlorosuccinic acid into the 
d-acid by a simple series of reactions: 

Z-chloro acid Z-malio acid d-chloro acid, 
moist Ag|0 PCI, 

It is clear that in one of the two reactions a rearrangement 
of the groups around the central atom (centre of dissymmetry) 
must have occurred, but it is not easy to state at which, as 
the — malic acid may correspond in structure with the -f 
chloro acid. Further investigations indicate that the inversion 
occurs at the second reaction, i.e. with PCl^. The mere fact 
that in a chemical reaction the final product has a rotation 
of opposite sign to the initial substance does not necessarily 
mean a rearrangement around the centre of dissymmetry. 
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This is shown in the case of l{ — ) amyl alcohol and its 
acetate l(-f) amyl acetate. Although both belong to the 
same series, J, the alcohol has a — and its acetate a + rotation 
(cf. this Chap., p. 1321). 

WaMen (B., 1899, 1833), in a series of experiments on the 
reaction between Z-chloro- and Z-bromo-succinic acids and 
various alkalis, found that the hydroxides of potassium, 
rubidium, and ammonium gave practically pure d-malic acid, 
moist silver oxide gave the pure Z-malic acid, and the hy* 
droxides of sodium, barium, lead, and lithium gave mixtures 
in which the d-acid preponderated, whereas oxides of mercury 
and palladium gave mixtures in which the Z-acid was in excess. 
The conclusion was drawn that the reaction with potassium 
hydroxide is normal, and that inversion occurs when silver 
oxide is used. 

Examples of complete cycles are: 


1. — ch loro. succinic acid 

I Ag,0 

— malic acid 

2. + alanine 

|d nil 

bromo-propionic acid 

3. +C«H,-CH(OH)CO,H 

Ag,CO. f j PCI, ^ 

-CeRg CHa-COgH ^ 

NH,Aq 


PCI, 



*f malic acid 

KOH 

t Ag.O 

PCI, 

1 


+ chloro- succinic acid 

KOH 


-> 

““ bromo-propionic acid 

NOBr 

NCBr 

Nil. 


““ alanine. 


- C,H, CH(NH,)-CO,H 

JiNO, 

tNH,Aq j, NOCl 


HNO, 


t PCI. 

^ -CeH,.CH(OH) CO,H. 


In the above reactions the indicates the point at which 
the inversion occum. 

It IS not essential that the centre of dissymmetry should 
carry a hydrogen atom, as phenylmethylgylcoUio acid can 
undergo inversion {McKenssie and Clough, J. C. S., 1910, 1016): 


-OHCMePhCOjH 
PCI, j f Ag,0 
^aOMePhCOaH 


SOCU 


^ClCMePhCO,H 
PCI, f j Ag,0 
4^0HCMePhC0,H 


SOCl, 
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Practically all the iiiversions mentioned above occur when 
the asymmetric carbon atom has a carboxyl group attached 
to it. Experiments made by E, Fischer and Scheibler, with 
compounds in which the asymmetric atom is in the j8-position 
with respect to the carboxylic group, indicate that inversion 
does not take place : 

PCI, 

- CH* CH(OH) CH, CO,H ^ + CH, CHCi CH,CO,H, 

Ag.O 

and similar results are obtained when the methyl esters are 
used. The same holds good in the case of jS-hydroxy-jS-phenyl- 
propionic acid {McKenzie and Humphreys), There are, how- 
ever, several exceptions, e.g. 

1. Fischer-. 

■f Amino- butyric acid -► — /5-hydroxy-butyric acid 

j NOCl HNO, 

- /5-chloro- butyric acid -► *f /5- hydroxy -butyric acid. 

Water 

McKenzie and Barrow-. 

+ /5- Hydroxy -j8- phenyl-propionic acid 

-► -f- /S-chloro-j8-phenyl-propionio acid 

SOa, I Water 

— /5-hydroxy-/5- phenyl-propionic acid. 

Pickard and Kenyon (1911, 45) and McKenzie and Clough 
(1913, 109) have shown that secondary alcohols devoid of 
both 'COaH and *00 groups can undergo inversion, e.g. 
+ CgH^-CHMeOH with SOCSg followed by either Ag^O or 
NaOH yields the epimeride. 

Frequently phosphorus pentachloride and thionyl chloride 
react ^fferently, e.g. 

pa. 

Mdandalio acid or ester d-ohloro acid or ester 

Lmandelic acid or ester i-chloro acid or ester. 

SOCl, 

In connexion with this the following cycles are of interest: 

- Mandelic acid -► + chloro acid 

f NaOH PCI, I NaOH 

— chloro acid -f mandelic acid, 

PCU 

— Mandelic acid — chloro acid 

f Av,CO, 4* water 90a» | Ag.CO, + water 

d* chloro acid + mandelic acid, 

SOCI« 
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aud generally tlic reaction with SOClg followed by AggCOg 
produces inversion, but whether this occurs in the first or 
second stage it is difficult to say. Impurities in thionyl 
chloride can bring about intramolecular change (M., 1913, 
661; Bull. Soc., 1913, 18, 229). 

Inversion also takes place in compounds containing no 
COOH or COOR group. 

It does not follow that in all cases where inversion occurs 
the pure epirneride is formed, as much racemization can occur 
and the product will then be a mixture of the active compound 
with the racemic. 

Senter and others (J. C. S., 1915, 638; 1916, 1091; 1918, 
140, 151; 1924, 2137; 1925, 1847) have studied the effects of 
various solvents on the inversion in the case of ammonium 
phenylchloroacetate, CgH 5 *CHCl*COONH 4 , when Cl is replaced 
by NHg. They find that there is change of sign with 6 solvents, 
and no change with 6 others. The latter include water and 
benzonitrile, and the former liquid ammonia and acetonitrile. 
In the case of the replacement of Br by NHg in a-bromo- 
phenylpropionic acid there is always change of sign of rotation 
whichever solvent is used, and at the same time appreciable 
racemization. Replacement of OH by Br in OH‘CHPh* 
CHg-COgH produces the same bromo acid in all solvents. 

A change in configuration during ring closure has been 
observed by P^hin and others (J. C. S., 1921, 1393; 1924, 
1492). Thus the esters of the aa'-dibromoglutaric and adipic 
acids exist in meso and dl forms, under the influence of soffio 
ethyl malonate ring closure takes place, and an ester of a 
tetracarboxylated cyclobutane or cyclopentane is formed: 

COaEt CHBrCHj CIlbi C(),Et 

NcH CO.Et 

COjEt-CHBrClIjCH.-CHBrCOjEt 

COjEt CH< >CH CO,Et. 

^C(CO,Et)/ 

If no inversion occurs the mesa bromo derivative should 
yield the meso tetracarboxylio ester in both cases, and simi- 
larly the d4 bromo-compound should yield the d4 cyclic esters. 
In reality it is found that starting with either pure meso ot 
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pure d4 bromo-compound the product is a mixture of meso 
and d4 cyclic esters. 

Detection of Inversion. — Numerous attempts have been 
made to ascertain in which particular reactions inversion 
occurs, e.g. whether by NaOH or AggCOg or moist oxide in 
the replacement of halogen by OH, and whether by SOClg or 
PCI 5 in replacement of OH by Cl. Walden argued that the 
reaction with strong alkalis which are largely ionized would 
probably be one of direct displacement, and hence not a case 
of inversion; the reaction with silver oxide would therefore 
be a case of inversion, and could be accounted for by the 
formation of an additive compound with the metallic hy- 
droxide and subsequent removal of metallic chloride. Fischer ^ 
by comparing the reactions, 

alanine — a-bromopropionio acid 

NOUr 

and + alanine ester + a-bromopropionic acid, 

argued that inversion is less liable to occur with an ester than 
with an acid, and hence the first reaction represents an in- 
version. Subsequent experiments by McKenzie have shown 
that inversion can occur with esters, as ethyl a-phenyl-lactate 
yields chloro esters of different signs when t’-eated with PCI 5 
or SOClg. In 1913 Frankland (J. C. S., 1913, 738) stated that 

there does not exist at the present time any criterion whereby 
the relations between the configuration of an optically active 
compound and that of a derivative can be decisively ascer- 
tained 

Freudenberg (B., 1914, 2037) claimed that the four hydroxy 
acids Wactic, i-glyceric, d-malic, and d-tartaric all possess the 
same relative configurations, i.e. the H, OH, and COgH radicals 
attached to the asymmetric carbon atom have similar spatial 
dispositions in all four compounds, since they can be trans- 
formed one into the other by reactions which do not involve 
displacements of groups dir^tly attached to the asymmetric 
atom, and, so far, no case is known in which such a change 
causes ii^ersion. Thus taking malic acid as the standard the 
four acii should be denoted as d(— ) lactic acid, d(— ) glyceric 
acid, d(“f ) malic acid, and d(-f ) tartaric acid. The letter d 
denotes the configuration compared with a parent compound 
and the sign within brackets denotes the sign of the actual 
rotation. 
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Phillips (J. C. S., 1923, 44) carried out the following series 
of reactions : 

( + ) Methylbenzylcarbinol, CHMeBz*OH, with jt>-toluene- 
sulphonyl chloride gives the toluenesulphonate ( + ) CHMeBz* 
O-SOg-CyH^, which with potassium acetato gives the acetate 
(~) CHMeBz-O-CO-CHg, and this on alkaline hydrolysis gives 
the carbinol ( — ). It is argued that the conversion into the 
sulphonate and also the hydrolysis of the acetate (p. 624) 
are reactions in which the bond between 0 and C is not broken, 
whereas the conversion of the sulphonate into the acetate 
involves the whole group • 0 -S 0 j-C 7 H 7 , as it is a reaction with 

the acetate ion -O CO-GHj, and hence the inversion can only 
occur at this stage. 

Similarly with the reactions in the formation of the benzoyl 
derivative of ethyl lactate {ibid. 1926, 399): 

<f( + )CO,Et CHMe OH -> (+) CO»Et Cime O SO,C,H, 

Pb COjK 

?( - ) CO,Et CHMe OH (-)CO,Et-CHMc O COPh. 

( + ) /5-Octanol can be converted into the ( — ) isomeride by 
a similar spring of changes (ibid. 1929, 1700). The authors 
conclude that inversion invariably occurs when a group 
attached to an asymmetric C atom is replaced, unless a phenyl 
group is united to this atom or a carboxylic group is present 
in the molecule. Hence the common reaction, 

( + ) alcohol “ — ^ ( ~ ) bromide ^ ^ ( + ) alcohol 

HBr A«,0 

involves two inversions. 

Cloygh {ibid. 1918, 626; 1926, 1674) utilized the manner 
in which the rotatory power is affected by change of wave- 
length, solvent, concentration of solution, and addition of 
salts for elucidating the configurations of optically-active 
compounds, as compounds with a similar configuration are 
affected in the same manner by such changes in conditions. 
He drew a number of general conclusions relating to halo- 
genated acids, hydroxy acids, and amino-acids, but the method 
is not of universal application. 

Boys (P. R. S., 1934, A., 144, 655, 676) descri^ a 
method for determining the actual configuration of a simple 
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molecule, e.g. /-amyl alcohol, from a calculation of the effec- 
tive radii of the groups H, Me, Et, CH 2 OH Burrouiiding the 
asymmetric C atom, and has concluded that this alcohol has 
the configuration depicted in the diagram already shown on 
p. 1306 (end of section 1 ). It is further claimed that if 
one group is replaced without change of the configuration the 
sign of the rotation changes when the effective radius is in- 
creased above that of the next largest group. In the above 
compound if the OH is replaced by another group other than 
hydrogen the only one which can have a smaller radical volume 
is NH,; thus the amylamine with a configuration of the same 
type as I-amyl alcohol will also be leevo rotatory. Any other 
radical X replacing OH produces a group -CHgX with a larger 
volume than CjHg and hence will produce a change in rota- 
tion. Thus the compounds with * 011201 , CHgOR, 0 H 2 * 0 Ac 
will all be dextro rotatory although they belong to the /- 
series of /-amyl alcohol. 

Mechanism of Inversion. — Several theories of inversion 
have been promulgated (Fischer , A., 1911, 381, 132; Werner^ 
B., 1911, 881; Pfeiffer, A., 1911, 883, 123; Gadamer, 0. Z., 
1912, 1327; Garner, P. C. S., 1913, 198) but have not re- 
ceived general support. A view generally accepted is that 
inversion is due to a change of anions (Lowry, 0. and I., 1924, 

1128), e.g. the sulphonate (p. 1320) exchanges • 0 * 802*07117 for 

* 0 * 00 * 0113 . If complete separation of the sulphonate ion 

occurred the tetrahedral compound would be converted into 

+ 

a planar carbonium cation, CHMeBj, and by the addition of 
the acetate ion a racemic mixture of the two isotopes would 
be formed. If, however, the acetate ion approaches the sul- 
phonate molecule at the side away from the sulphonate group, 
then when exchange takes place — although the cation has no 
definite existence — ^the acetate ion takes up a position different 
from that occupied by the sulphonate group and inversion 
occurs. If, on the other hand, acetate ion approaches the 
molecule on the same side as the sulphonate group, then direct 
replacement occurs and no inversion. Racemization occurs 
when the cation is formed even for only a very limited time, 
and partial racemization occurs when both replacement and 
addition to the cation occur. 


(»iao) 


43» 
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5. ASYMMETRIC SYNTHESIS ♦ 

Most compounds with dissymmetric molecules obtained from 
natural sources are optically active and not racemic forms. 
The statement has been made that a compoimd derived from 
animal sources has always the same configuration, either d 
or Z. e.g. d'glucose. In plant tissues sometimes only the one 
form is met with, e.g. S-fructose, d-glucose, Z-malic acid, l- 
nienthol. Other compounds occur naturally in all three forms, 
d, Z, and d-Z, e.g, d-borneol in the juice of Dryobalanops cam- 
phora, the Z-form in Blumea balsamifcra, and the r-form in 
Valerian oil. 

A compound with a dissymmetric molecule prepared in the 
laboratory from symmetric compounds is invariably inactive, 
either a meso form or a racemic form, and an active form can 
be obtained only by the resolution of the latter. 

Numerous attempts have been made to carry out an asym- 
metric synthesis, i.e. to obtain artificially an optically active 
compound from a symmetrical substance by the employment 
of an active product but without the use of an analytical 
process, e.g. such as those involved in the usual separation of 
racemic mixtures. 

E. Fischer suggested the formation of the active manno- 
nonose from d-mannose by repeated cyanhydrin condensa- 
tions, hydrolysis to the hydroxy acid lactone, and reduction to 
a sugar with one more carbon atom (Chap. XIV, A.). In each 
case only one new optically active hydrocarbon is obtained 
although two are theoretically possible. The second stage was 
the decomposition of this active mannononovse into d-mannose 
and an optically active glyceraldehyde : 

Mannononose, CHO CH(OH)*CH(OH)4-CH(OH) [CH OH], CH/)H 

glyceric aldehyde, CH0 CH( 0 H)-pH 3 0H and 
CHOdCH OHL-CHa OH, 

but unfortunately this reaction could not be realized. 

Cohen and Whiteley (J. C. S., 1901, 1305), starting with cin- 

• ' ‘Asynunctric Syntheses — Asymmetric Induction *\P.D. Ritchie ^ Oxford, 
1933. A McKenzie, C. and I., 1932, 491. 
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namic acid, prepared active amyl and menthyl esters, to which 
they added bromine and then attempted to obtain an active 
cinnamic acid dibromide, CeHg-CHBr-CHBr-COgH, by the 
hydrolysis of the esters, but without success. The ^drolysis 
of the products obtained by reducing the active amyl and 
menthyl esters of mesaconic, a~methylcinnamic, and pyruvic 
acids gave rise to inactive acids. Similar negative results were 
obtained by Kipping (P., 1900, 226). 

A, McKenzie (J, C. S., 1904, 1250; 1905, 1373; 1906, 365) 
has succeeded in accomplishing several asymmetric syntheses. 
Thus when Z-menthyl pyruvate, CHg-CO-CO-OCioHig, is re- 
duced by aluminium amalgam, a mixture of unequal amounts 
of Z-menthyl d-lactate and Z-menthyl Z-lactate is formed. When 
this mixture is hydrolysed by an excess of alcoholic potassium 
hydroxide and the Z-menthol removed, a dextro-rotatory potas- 
sium salt containing an excess of Z-lactate over d-lactate is 
produced; this mixture, when acidified, becomes leevo-rota- 
tory, and the asymmetric synthesis of Z-lactic acid is thus 
accomplished. If Z-menthyl benzoylformate, CeHr/CO’C02’ 
CioHig, is treated in exactly the same manner, the final pro- 
duct is r-mandelic acid, due, probably, to the racemizing effect 
of the alkali. A second asymmetric synthesis has been accom- 
plished by McKenzie by means of Grignard/s reaction. Thus 
^menthyl benzoylformate and magnesium methyl iodide yield 
the additive compound CMePh( 0 -MgI)(C 02 CioHi 9 ), which is 
converted by dilute, acids into the Z-menthyl phenylmethyl- 
glycollate CMePh(OH)(C 02 CioHj<,), from which, on hydrolysis 
with alcoholic potassium hydroxide, a lasvo-rotatory potassium 
phenylmethylgly collate, CMePh(OH)(C 02 K), was obtained. 
Thus: 


CJlsCOCOjH 

Inactive 


C.H, CO CO,C,„H„ -> C,H5 C{CH,)(0H)(C0,C„H„) 

Active Active 

C,H, C(CH,)(OH)(CO,H). 

Active 


Similar active acids have been obtained by using other Grignard 
reagents in conjunction with Z-menthyl benzoylformate. For 
numerous negative results, see J. C. 8., 1922, 351. See also 
Marckwald, B., 1904, 349. 

Another asymmetric synthesis (J. C. 8., 1907, 1215) can be 
accomplished by oxidizing Z-menthyl fumarate with dilute 
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permanganate and acid and hydrolysing the dihydroxy ester 
formed when tartaric acid is obtained: 

CHCOAoHi, HOCHCO,CioH ,7 HOCriCO^H 

/ li ^ 1 ^ I 

Cir COjCjoHi, HO CH-COa-CioHiT HO-CH COsH. 

The monobornyl fumarate can also be used. 

A similar synthesis is the formation of an active jS-phenyl- 
butyric acid by the catalytic reduction of esters of j8-methyb 
cinnamic acid derived from optically active alcohols (borneol, 
menthol, &c,) and subsequent hydrolysis (C. R., 1933, 196, 
1614 ): 

CH3 CPh:CH CO,R CH, CHPh-CH3 CO,R CH, CHPh CH, CO,H, 

Active Active Active 


where R represents optically active alkyl group. 

Another type is the formation of optically active cyclic 
oximes from inactive cyclic ketones and active d^-octyl 
nitrite (Chap. L, C3) in the presence of sodium ethoxide: 


/CHa-CIJax 

CHMe< X'O + CeHjsCHMeONO 

^ 

CllMe< >CO + CeH,, CHMe OH. 

XJHjCirNONa)-^ 


In all the above-mentioned cases the product is a mixture 
of d- and J-isomerides with one preponderating; in no case 
is a pure i- or Z-compound formed. 

Bredig and others (Bio. Z., 1912,46, 7; 1932, 249, 244 ; 250, 
414) have succeeded in preparing optically active hydroxy 
acids of the mandelic acid type by addition of HCN to an 
inactive aldehyde in the presence of an optically active base, 
e.g. d-quinidine, and hydrolysing the residting cyanhydrin. 

In the presence of Z-chloro-amino-diethylenediamine-cobalti 
bromide, [Co engNHgClJBrg (Chap. XLVI, B.), certain racemic 
acids undergo differential oxidation, e.g. with <fl-3 : 4-di- 
hydroxyphenylalanine the I-amino acid is destroyed first. 

In the synthesis of active mandelic acids it has been proved 
that certain enzymes, often in tiie form of plant extracts or 
tissues, can act in much the same manner as the active bases 
mentioned above. By iising an extract of peach leaves with a 
low Ph value and low temperature an almost pure d-mandelo- 
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nitrile is formed (J. A. C. S., 1921, 164). Animal enzymes can 
also be used; thus a*ketonic acids with ammonia in the pre- 
sence of liver yield active a-amino acids: 

R CH, CO CO,H R CH, CH(NH,) CO,H. 

Numerous attempts have been made to bring about an 
absolute a^symmetric synthesis^ i.e. the synthesis of an optically 
active compound from an inactive one without the presence of 
another active compound but in an asymmetric medium 
(Boydi 1896; Pirak, 1922), e.g. d- and Z-circularly polarized 
light, but very few positive results have been obtained under 
controlled laboratory conditions, Davis and Heggie (J. A. 
C. S., 1935, 377) by the addition of bromine to 2:4: 6 -tri- 
nitrostilbene in d-circularly polarized light claim to have 
obtained a product with a very low rotation: 

(NO,),CeH, CH:CHPh (NO,),C,H, CHBr CHBrPh. 

Inactive Active 

On the other hand, the asymmetric photochemical decom- 
position of several externally compensated compounds has 
been demonstrated. Thus Kuhn and Braun (1929) obtained 
a fairly active compound of unknown structure by the photo- 
chemical decomposition of di-ethyl a-bromo-propionate in 
circularly polarized light. Mitchell (J. C. S., 1930, 1829) 
effected the asymmetric photochemical decomposition of 
humulene nitrosate, C 15 H 24 NJO 8 , in the same manner, 

ErlenmeycTy Jun, (1911) introduced the term asymmetric 
induction. He claimed that unsaturated compounds, par- 
ticularly cinnamic acid or benzaldehyde, when treated 
with an optically active compound such as tartaric acid, 
either in solution or in the fused state, gave an optically 
active cinnamic acid or benzaldehyde after all traces of 
tartaric acid had been removed; but the results have not 
been confirmed by others. McKenzie (J. C. S., 1915, 444; 
1922, 349) by treating aqueous solutions of potassium racemate 
with {-malic acid (1 mol.) obtained a crop of crystals consist- 
ing of a mixture of the acid potassium salts of d-tartaric and 
racemic acid. Of 15 different optically active acids used maUc 
acid alone had this effect. 
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J. Electrical Conductivity 

Attention has previously (p. 185) been drawn to the fact 
that the degree of ionization, a, of an acid in solutions ol given 
concentration, v, may be determined by a comparison of the 
electrical conductivity, A (reciprocal of resistance), at that 
dilution with the conductivity at infinite dilution when ioniza- 
tion would be complete, i.e. a . From OstwaldCs dilution 

® . a* 

law, based on the law of mass action, it follows that - , - - • 

v(l - a) 

is a constant = K, where v = number of litres of solution 
containing one equivalent of acid. This constant is known as 
the dissociation constant, and is used as a measure of the 
strength of all feeble acids. The effect of structure of the acid 
upon this constant has been discussed in Chap. XXXV. 

Hanlzsch has used the electrical conductivity method in the 
diagnosis of pseudo-acids and bases. Thus with certain nitro- 
compounds the ordinary compound R'CHg-NOj is a pseudo acid 
and the isonitro-compound R*CH:NO*OH is a true acid, and all 
the salts are derived from the latter (p. 425). These salts, as a 
rule, are but little hydrolysed, as the isonitro-compounds are 
relatively strong acids. A solution of such a salt will thus 

contain the metallic ions and the isonitro-ion R*CH:N0*0-. 

When this solution is mixed with an equivalent quantity of 

+ - - 

hydrochloric acid the ions present are Na, Cl, R*CH:N0*0‘ 

and H. In the majority of cases there is a considerable ten- 
dency for the strongly acidic and hence strongly ionized 
isonitro-compound (true acid) to become transformed into the 
ordinary nitro-compound (pseudo acid). As this is practically 
a non-electroljdie, it follows that as this transformation occurs 
the conductivity of the solution will gradually diminish until 
it attains the value of a sodium chloride solution of the given 
concentration. Thus with sodium y-bromophenyhiitromethane, 
CgH 4 Br‘CH:NO‘ONa, at 25®, and v ** 256, after mixing with 
an equivalent of hydrochloric acid, the conductivity fi =» 151*4 
after 1*5 minute, and after 45 minutes a constant value fx *= 129*5, 
was obtained. This approximates to the value /jl^^ = 114*4 
|or sodium chloride, and the difference may be due to secondary 
changes. 
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This reaction has been studied in detail by Branch and 
Jaxon-Dedman (J. A. C. S., 1927, 1765) in methyl alcoholic 
solution. After an initial disturbance due to the rapid for- 
mation of a comparatively weak electrolyte in equilibrium with 
its ions, one of these ions becomes involved in a slow uni- 
molecular change resulting ultimately in the complete pro- 
duction of the pseudo acid. The changes are represented: 

-f 

Aci-derivativo ^ H + ion of aci -derivative (rapid reaction), 

the negative ion then changes slowly into the ion of the 
pseudo acid, and this reaction is practically non-re versible, 
and finally the ion of the pseudo acid unites with a hydrogen 
ion rapidly by means of a covalency yielding the unionized 
pseudo acid. 

For optically active nitro compound and sodium salt of 
isonitro compound, see Kuhn and Albrecht, B., 1927, 1297. 

Similar results have been obtained with pseudo bases. The 
true base, methyl-phenyl-acridonium hydroxide (I), which is 
first liberated when salts of the base are decomposed with 
alkali, is readily transformed into the pseudo base with the 
carbinol formula (II): 



which is practically a non-electrolyte. When a solution of the 
chloride of the base is neutralized with an equivalent of sodium 
hydroxide, the solution has a maximum conductivity which 
gradually diminishes until the value for a solution of sodium 
chloride of the given concentration is practically reached. 
Similarly with the sulphate and an equivalent quantity of 
barium hydroxide; at 0° and v = 256, the initial conductivity 
was /X “= 119*2, but after 15 hours it had fallen to /x == 1*7 (due 
to small amounts of dissolved barium sulphate). Phenomena 
of this kind, which are termed by Hantzsch “ slow neutrali- 
zation are largely used to denote tautomeric change, i.e. the 
change from a true acid to a pseudo acid or from a true base 
to a pseudo base (cf. pararosaniline, p. 558; cotarnine, p. 1008) 
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during the conversion of the salt into the acid or base. Cf. 
Maddung, J. pr., 1925 [II], 111 , 100; 1926, 114 , 1; 1927, 
115 , 24. 

For thioninm pseudo bases, see Hartley and Smiles^ J. C. S., 
1926, 1821 ; 1927, 534. 

Conductivity measurements have also been used in the 
study of the molecular rearrangement of N-phenylbenzimino 
phenyl ether I into benzoyldiphenylamine II by heating to 
270 ^-- 300 °: 

I Pho cPh:NPh n o:cPh NPh». 

The rearrangement can occur by dissociation of I into two 
radicals or two ions and their recombinaton to form II. Con- 
ductivity measurements favour the ionic view, as at 200® 
the molten mass has a very low conductivity, which rises 
rapidly with the temperature and finally becomes constant 
at the value corresponding to the pure compound 11 
(J. C S., 1925, 1992; 1927, 1740). 

The eSect of structure on other physical properties hats 
been studied, e.g. Internal Viscosity, Tesla Luminescenoe 
Spectra, Capillary Constants. 


LXXII. UNIMOLECULAR FILMS ♦ 

Mono-layers of large molecules are often formed at inter- 
faces, e.g, water and air, merctiry and air. In order to form 
stable surface films the molecule must contain a strongly polar 
group, e.g. carboxyl, to give the necessary adhesion to the 
surface, and a long non-polar hydrocarbon chain to prevent 
dissolution in the water — as a rule a chain of at least 14 carbon 
atoms. The amount of material necessary to form such a film 
is extremely small, e.g. 1 mg. or less. According to Langmuir 
(1933), the organic compound forms a liquid layer with both 
an upper and a lower surface tension. The upper is comparable 
with that between paraffin in bulk and air, and the latter with 
that between paraffin oil and water containing a few fatty 

♦ See Adam, “ The Physics and Cheimstry of Surfaces Oxford, 193S‘ 
E. K. Rideal, “ An Introduction to Surface Chemistry Chem. Rev., I941t 
‘185. 
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acid molecules. With the aid of these films it has been found 
possible to study such processes as oxidation, hydrolysis, and 
polymerization, and also to determine molecular structure. 

The maximum amount of a fatty acid that can spread on 
a given aqueous surface is limited by the number of molecules 
which can be packed into a single layer. With acids containing 
16-30 atoms of carbon the cross-section of the molecule is 
constant, i.e. the same number of molecules constitute the 
mono-layer, but the length of the molecule increases with the 
number of carbon atoms. For stearic acid, length “= diam. x 5, 
and for myricyl alcohol, length = diam. x 8. 

The presence of olefine links in an acid increases the area 
per molecule, but the unsaturated compound is much more 
readily compressible. Triolein has an area three times that of 
tristearin, and castor oil has a still greater area. 

The area per molecule occupied by stearic acid is 20*4 sq. A. 
This represents a cross-section of the hydrocarbon chain when 
packed tightly together at an angle of about 23®. The area 
is the same as that found for crystals of stearic acid by X-ray 
analysis. 

Acids spread on acidulated water (0*01 N HCl) give much 
larger areas, e.g. 50 sq. A, but these layers are much more 
compressible. 

Hughes and Rideal (P. R. S., 1933, A., 140 , 233) find that the 
oxidation of an unsaturated acid with the olefine link about 
the middle of the hydrocarbon chain, e.g. oleic acid, in a 
film on water containing permanganate takes place 10 times 
as rapidly under low compression, i.e. when the molecules 
are nearly flat, as when the film is highly compressed and the 
double link has less chance of reaching the water. 

An examination of monolayers of di-substituted acetic 
acids R', CHRR'’C02H, shows that there is a tendency to 
expand, particularly when R and R' contain an appreciable 
number of carbon atoms, and the effect increases as the COgH 
group passes from the end to the middle of the molecules, i.e. 
is at its maximum when R = R'. Increase in the total 
number of carbon atoms in the acid has a condensing effect 
at low surface pressures and also at high pressures provided 
the smaller radical contains less than four carbon atoms. If 
this radical contains more carbon atoms, expansion occurs 
under high compression. (Stenhagen, Trans. Far. 1 940, 597 . For 
monolayers of long-chain alkyl sulphates, R'C-SOg, ct ibid, 496.) 
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By the halogenation of ^-hexadecyl -phenol, CjLflH 33 *CgH 4 *OH, 
with aqueous solutions of halogens Alexander (J. C. S., 1938, 
729) has shown by a study of mono-films on suitable substrates 
and making use of surface pressure and surface potential 
measurements that the active intermediates are : HOI > 

HOBr > HOCl and I3 < < Clg, and that HOI is KXK) 

times as active as I 3 , HOBr 0*25 times as active as Brg and 

HOCl only 0 001 times as active as CI3. 

The sterols and steroids generally form stable unimolecular 
films; as a rule the water soluble constituent is at one end of 
the molecule and the long side chain (at 17 diag., Chap. 
LXII, A.) at the opposite end of a four-ring skeleton, and in 
most of these cases the molecules stand upright. With copres- 
tanone (cholesterol with the CH-OH oxidized to CO) the 
molecules are much tilted and the area covered is increased by 
about 50 per cent. 

Surface film measurements have been used in determining 
the constitution of certain compounds, e.g. batyl alcohol, 
which is an ether of glycerol with one molecule of octadecyl 
alcohol. This gives a film closely resembling that of a-mono- 
palmitin, and hence has the long chain attached to an a 
oxygen atom and not to the central (jS) oxygen of glycerol, 

\^en a highly polished chromium-plated block is dipped 
into a unimolecular film of stearic acid or its barium salt, a 
single layer of molecules is deposited on the metal and re- 
dipping results in the deposition of double molecular layers. 
When “ Resoglaz ” is used in place of the metal block, double 
layers are formed even at the first dipping. 

In the single layers the hydrocarbon chains are closely 
packed and arranged irregularly, and the axes of the chains 
are practically normal to the surface. With an odd number 
of layers the first is irregular, but the upper layers regular as 
on “ Resoglaz With the acid the regularity results in 
crystals with monoclinic symmetry and with the barium salt 
in crystals with hexagonal symmetry. With “ Resoglaz it 
is the paraffin end of the chain which makes contact (J. Chem. 
Phys., 1938, 280). For reactions with mono-layers, cf. Nature, 
1939, 144 . 100. 
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LXXIJI. RESONANCE OR MESOMERISM ♦ 

The following constants have been determined by different 
physical methods for the more common types of linkings in 
organic compounds: (a) length of link, (b) heat of formation, 
(c) resistance to deformation, (d) electrostatic disturbances. 

The length of a link is not appreciably affected by the pre- 
sence of other elements, and there is only a difference of some 
10 per cent between single, double, and triple links in carbon 
compounds. According to Eyring and Polanyi, the extra 
energy required to bring about most reactions — energy of 
activation — is mainly devoted to stretching the links so as to 
bring the atoms into the positions required for the production 
of the new molecule, and the consequent rearrangement of the 
electronic orbits takes place relatively easily. It follows that 
the change from one form to another will occur the more 
rapidly the less the difference in the positions of the atoms in 
the two molecules. If this difference is very small the change 
will take place at once, and it will be impossible to isolate the 
less stable form. 

A covalent link consists in the union of two atoms by means 
of a pair of electrons shared between the atoms. The one 
electron has a positive spin and the other a negative, and the 
influence of these electrons on the two nuclei is of primary 
importance; yet, according to wave mechanics, each electron 
affects every other electron and nucleus in the molecule, and 
such secondary effects influence the reactivities of certain 
atoms within the molecule. 

The principles of resonance due to Hund and extended 
by Pauling to organic compounds are based on wave 
mechanics. 

The equations of wave mechanics show that if a molecule 
can be represented, on the ordinary structural theory, by two 
different formulee, then, under certain conditions, its actual 
state is neither of the two nor yet a mixture of the two in 
chemical equibbrium as in the case of many tautomeric 
compounds, but is a hybrid structure intermediate between 
the two — a resonance formula. This cannot be represented 

^ Ingold. Nature, 1934, 133, 946; Pauling and Wilson, Introduction to 
Quantum Mechanics, New York, 1935 ; Pauling , Chap. 22 in Gilman’s Organic 
Chemistry, 1938; R, C. BvanSf C. and I., 1940, 518, 560. 
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by the ordinary symbols, and it has to sorao extent the pro- 
perties of both. 

The two tautomeric forms are represented by two distinct 
structural or atomic configurations, e.g. differing by the 
position of a labile hydrogen atom (cf. Chap. LIII). The two 
resonance or mesomeric forms on the other hand often have 
the atoms in the same relative positions but possess different 
electronic configurations. 

The conditions which must be satisfied for resonance to be 
possible are: (1) The positions of the atoms in the two struc- 
tures must he approximately the same ; the actual positions 
in the hybrid will be between the two and so involve a certain 
amount of strain with respect to either, but this must not be 
large. (2) The stabilities of the two forms must not differ 
greatly. The state of the hybrid is not necessarily half-way 
between the two forms; it lies nearer to the more stable 
one. 

The presence of resonance has two important physical 
effects: (i) The energy content of the molecule is smaller 
(or its stability greater) than that of either form. This is of 
fundamental importance, as it follows that resonance must 
occur whenever it is possible under conditions 1 and 2 above. 
Hence the heat of formation is larger than that calculated for 
either of the two separate forms. Thus for the two forms of 
carbonic anhydride (p. 1334) the theoretical heats of forma- 
tion are 348 and 350 K. cal. and the experimental value 380. 
(ii) The linked atoms in the resonance form come rather nearer 
together than in either of the two forms — owing to the greater 
strength of the link. For carbonic anhydride, formula I, the 
atomic distance is 2*48 and the actual distance is 2*26. 

For the ketoenolic form of diketones two structures I and II 
are possible and are very similar. The resonance form is inter- 
mediate between the two and may be regarded as a form in 

yCR— O— H o-<;r. 

I cm II Vjh 

\CR'=0 H—O— CR,^ 

which the hydrogen atom is chelated between the two oxy- 
gens. The same holds good for o-aldehydophenols, but not for 
the saturated hydroxyketones, R*GH(OH)-CH 2 'CO-R'. For 
other examples, cf. Hunter^ C. and I., 1941, 35. Buravoy^ ibid, 
1940, 865. 
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Another example is o-nitrophenol, where the two forms are : 


C,H 


O— H 


— n 

N --0 




and 



Probably the same holds good for carboxylic acids, but two 
molecules are involved, as is indicated by the formation of 
acid salts from monobasic acids. 

Resonance is also met with in chlorobenzene. One structure 
is represented by I, but there is a tendency for an electron to 
drift from its normal position, i.e. from the chlorine into the 


Cl a 



ring. If this drift were complete the product would be repre- 
sented by II, and the resonance formula would be somewhere 
intermediate between the two. Support for such a structure 
has been given by SuUion (P. R. S., 1931, 138, 668 ) from a 
study of dipole moments. In reality jive resonance con- 
figurations are possible, viz. the two Kekul 6 formulae of 
I, two Kekul 6 formulae of II and one form with the electron 
para to the chlorine. 

In carbon tetrachloride the length of the link X — Cl as 
determined by electron diffraction measurements is normal, 
whereas in the compounds SiCl 4 , GeCl 4 , 6 nCl 4 the observed 
values for the X — Cl are always less than the normal — an 
indication of resonance, probably between the forms 

X^Cl^ -and 


With CCI 4 the second form is not possible, as the carbon atom 
cannot carry more than 8 electrons. Resonance, however, 
appears in the compounds COCI 2 and SOCIj: 



'\a. 


Relative simple cases of resonance are met with in the cases 
of the carboxylate ion, the nitro-group and in benzene. In 
the carboxylate ion the two forms are equal: 
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V ' — 

^O 

and the resonance formula in this case will be exactly mid- 
way between the two, neither oxygen will be attached to 
carbon by a complete double bond, the molecule will be 
symmetric, and the electron will be shared equally between 
the two oxygen atoms. With carbonic anhydride the resonance 
formulae are: 

I o«C«0 and 0Z^C->0 11 

With a carboxylic acid the resonance is more complex as the 
two forms are not equal: 

yO ^O 

R—CX and Rr-C/ 4 ^ 

^OH ^^0-H. 

The nitro group is similar to the carboxylate ion and the two 
oxygen atoms are symmetrically attached to nitrogen. 

In the case of benzene all the C atoms are equivalent; the 
bonds between neighbouring C atoms are alike and inter- 
mediate between C-— C and C=^ C, namely 1*39 A, and the 
general stability of the molecule is greater than would be 
expected if three double bonds were present. The resonance 
is between the two possible KekuU formulae and the Dewar 
formula, and the molecule is stabilized to the extent of 39 kilo 
calories. 

For naphthalene the resonance formula approximates to the 
symmetrical structure (p. 568), but the unsymmetrical struc- 
ture also contributes and the molecule is stabilized to the 
extent of 74 kilo calories. This energy of stability is termed 

resonance energy. 

Electron diffraction measurements and also X-ray exami- 
nation indicate a linear and not a cyclic structure for methyl 

+ — 

azide, and probably a resonance formula between — N^N N 

and — N — N^N. Cf. p. 1280. 

Similarly, diazomethane has not a ring structure but a 

+ ~ - + 

linear resonance formula between ^ N and CH 2 — N=^N. 

Compare also Helv., 1937, 400-513, for dyes, and Trans. 
Far., 1935, 1491; 1937, 381, for urea derivatives. 


and R — 


O 


V 
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Abiotic acid* 594. 

Absorption bands and corrugation* 852. 
Absorption, infra-red, 1271. 

Absorption spectra, 1267-71. 

Acacetin, 1140. 

Accelerators for vulcanization, 1095. 
Acenaphthaquinone, 577. 

Acenaphthene, 576. 

Acenaphthylene, 576. 

Acetaldehyde, 151 , 853, 1241. 
Acetaldchyde-semicarbazone, 160. 
Acetals, 147, 152. 

Acetamide, 213. 

Acetainidine, 216. 

Acetanilide, 445. 

Acetanilides: p-alkyloxy-, 1178. 
Acetarsol, 1199. 

Acetate cellulose dyes, 1067. 

Acetates, 176. 

Acetdichloramide, 214. 

Acet-hydrazide, 213. 

Acetic acid, 174 , 1244. 

Acetic acid from acetaldehyde, 853. 
Acetic anhydride, 208 , 854. 
Acetic-deutero acid, 891. 

Acetin blues, 1051. 

Aceto-acetic esters, chlor- and dichlor-, 
263. 

Aceto-acetic ester synthesis, 168. 
Aceto-bromamide, 2 1 1 . 
Aceto-bromo-glucose, 930, 931. 
Acetochlorimide, 214. 

Acetoin, 253. 

Acetone, 160 , 1243. 

Acetone from acetylene, 856. 
Acctone-dicarboxylic acid, 297. 

Acetone peroxide, 209. 
Acetonc-semicarbazone, 1 60 . 
Acetonitrile, 113, 857. 

Acetonyl-acetone, 254. 

Acetonyl-acetonc and furane group, 
660. 

Aceto-p-phenetedine, 481. 
Acetophenone, 495. 
Acetophenonc-acctone, 496. 
Ac.etophenone-oxime, 495. 
Acetophenonc-phenyihydrazone, 496. 
Aceturic acid, 245. 

Acetyl-acetone, 254. 

Acetyl benzoyl oxide, 870. 
Acetylcarbinol, 253. 

Acetyl celluloses, 366. 

Acetyl chloride. 206 . 
Acetyl-diphenylamine, 439. 

Acetyl-gly collie acid, 241. 


Acetyl peroxide, 208. 
o-Acetylamino-benzoic acid, 694. 
Acetylatoxyl, 1199. 

Acetylcholine, 1227, 1228 . 

Acetylene, 56 , 1175. 

Acetylene as tautomeride, 879. 
Acetylene-dicarboxyhc acid, 282. 
Acetylene, homologues of, 858. 
Acetylene link and Raman spectra 
. ^ 275 - 

Acetylene scries, 53 . 

Acetylene tetrachloride, 71. 

Acetylenes, alkyl, 858. 

Acetylenes as 8>’nthet)c agents, 853. 
Acetylphenyl-hydrazide, 461. 

Acetyl radical, 861. 

Acetylthiophene, 665. 

Acetylurea, 322. 

H-Acid, 574. 

Acid amides, 209-13. 

Acid anhydrides, 207. 

Acid anthracene red, 3B, 1027. 

Acid chlorides, 205. 

Acid derivatives, fgj. 

Acid green, 555. 

J-Acia for azo-dyes, 1028. 

Acids, aldchydic monobasic, 255- 
Acids and bases, organic, 613. 

Acids, aromatic, 504. 

Acids, dibasic, 264. 

Acids, dibasic, dihydroxy, 285. 

Acids, dibasic, hydroxy, 283. 

Acids, dibasic, ketonic, 296. 

Acids, dibasic, polyhydroxy, 295. 

Acids, dibasic, vxnsaturated, 276. 

Acids, fatty, 163 sfg. 

Acids, fatty, monohydroxy, 237. 

Acids, fatt>', nomenclature of, 171. 
Acids, halogenated monobasic, 192. 
Acids, monobasic ketonic, 255. 

Acids, polybasic, 297. 

Acids, unsaturated monobasic, 186. 
Aci-nitro compounds, 1326, 1327. 
Acoin, I iQO. 

Aconitic acid, 298. 

Acridine, 697, 698. 

Acridine orange, 1038. 

Acridine yellow, T038. 

Acridinic acid, 696. 

Acridonium ic^ides, 698, 

Acriflavine, 1173. 

Acrolein, 153 . 
a-Acrose, 354. 

Acrylic acid, 189. 

Acyclic aliphatic) compounds, 375. 
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Acyclic compounds, 25. 

Acyl halides, 205. 

Acyl radicals, 172. 
Acylaminoanthraquinones, 1060. 

Acyloin condensation, 550. 

Acylous substituents, 615. 

Adalin, 1176. 

Adamsite, 1250, 

Addition of alluli metals to mono-enes, 

827. 

Addition of bromine to ethylene, 822. 
Addition of chlorine and bromine, 823. 
Addition of ethyl diazoacetute to mono- 
enes, 827. 

Addition of hydrogen halides to mono- 
enes, 824. 

influence of peroxides on, 824, 

825. 

MarkownikofF’s rules for, 825. 

^ normal and abnormal, 824- 

Addition to mono-enes, non-ionic, 820. 
Addition to same atom, 817. 

Addition to two differcuit atoms, 8iy. 
Additions to mono-enes, 820-31. See 
Mono-enes. 

Additive compounds of cineol with 
phenols, 713. 

Additive compounds of maleic anliy- 
dride and dienes, 795. 

Additive compounds of quinoncs and 
amines, 713. 

Additive compounds of trinit ro-benzene 
with arylamines, 713. 

Additive reactions, 817-33. See Mono- 
enes. 

Additive reactions of ketones, 829. 
Adenine, 331, 1211, 1217- 
Adipic acid, 264. 

Adrenaline, 1227, 1228. 

/-Adrenaline, 1179, 

Adrenaline ethers, ri8o. 

Aetiobilianic acid, 1128. 

Aetiocholanic acid, iiii, 1126. 
Aetioporphyrin, 1155. 

Affinities, residual, 840. 

Aglycones, 1124. 

Alanine, 248, 1210. 

Alanylglycme, 1212. 

Alanylglycyl^lycine, 1212. 
jS-Alanyfhistidinc, 1216. 
^-Alanylmethylhistidine, iai6. 
Albuminoids, 1214. 

Albumins, 1214. 

Alcohol, absolute, 87. 

Alcohol acids, aromatic, 529. 

Alcohol, allyl, 91. 

Alcohol, ethyl, 83. 

Alcohol from acetaldehyde, 853. 

Alcohol, methyl, 82. 

Alcohol of crystallization, 81. 

Alcohol, power, 84. 

Alcohol, properties of, 87. 

Alcohol, punfleation of, 86. 

Alcohoiates, 81, 220, 230- 
Alcoholic fermentation, 84. 

Alcoholic liquors, 84. 

Alcohols, 71. 

Alcohols, aliphatic, constitution of, 74. 
Alcohols, aliphatic, isomerism of, 72. 
Alcohols, aromatic, 488. 


Alcohols, derivatives of, 02. 

Alcohols from amino-acids, 1241. 
Alcohols, monohydne, &c., 71. 

saturated, 71, 73, 

Alcohols, monohydric unsaturated, 90, 
92. 

Alcohols, p)olyhydric, oxidation pro- 
ducts of, 236. 

Alcohols, primary, secondary and ter- 
tiary, 74, 75, 79-82. 

Alcohols, propyl, butyl and amyl, 73, 
Alcohols, tertiary, from acetylene and 
ketones, 856. 

Alcoholysis, 203. 

Aldehyde acids, 236. 
Aldehyde-ammonia, 148. 

Aldehydes, aliphatic, 143, 144. 
Aldehydes, aromatic, 490. 

Aldehydes, aromatic esters from, 490. 
Aldehydes, condensations of aromatic, 

Al^e^ydes, polymerization of, 148. 
Aldehydes, tests for, 150. 

I -Aldehydocyclopentane, 607 . 
Aldohexoses, 346 seq. 

Aldoketens, 849. 

Aldol, 154. 

Aldol condensation, 154, 511. 

Aldose, conversion of, into ketose, 343. 
Aldoses, 337, 338. 

Aldoses, acylatcd, 341. 

Aldoses, equilibrium of a and jS forms, 

1303- 

Aldoses, oxidized by bromine, 913 
Aldoximes, 149, 162. 

A%ol red B, 1061. 

Ahcyclic compounds, 375. 

Aliphatic compounds, 25, 375. 

Alizarin, 584, 641. 

Alizarin black S, 1054. 

Al^rin blue, 585. 

Alizarin blues, 1056. 

Alizarin bordeaux, 584 
Alizarin bordeaux B, 1054. 

Alizarin carmine, 1055. 

Alizarin cyanin R, 584. 

Alizarin direct blue EB, *055. 

Alizarin dyes, 1054. 

Alizarin garnet, 1055. 

Alizarin green, 58^5. 

Alizarin hexacyanm, 584. 

Alizarin irisol, 1055. 

Alizarin maroon, 1055. 

Alizarin orange, 585, 1055. 

Alizarin saphirol B, 1055. 

Alizarin, SSS, 1055. 

Alizarin violet, 1036, 

Alizarin viridinc, 1055. 

Alizarin yellows, 1054. 

Alkaloids, 097. 

Alkaloids cierived from pyridine, 1001. 
Alkaloids, fusion with potash, o^. 
Alkaloids, phytochemical syntnesis of, 
1000. 

Alkaloids, synthetic, 1187. 

Alkaloids with condensect nuclei, 1001, 
Alkyl fdeflnition), 437. 

Alkyl hydrosulpl^des, 98* 

Alkyl nitrites, 104. 

Alkyl oxides, 93. 
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Alkyl salts, 8i. 

Alkyl sulphides. 98. 

Alkylene radical, 218. 

Alkylenes, 24, 45 . 

Alkyls, 24 . 

AUantoin, 326. 

Allene, 57. 

Allene compounds, stereochemistry of, 

Allional, 1176. 

Allochotanic acid, 1108. 

Allocholesterol, 1104. 

Aliophanic acid, 322. 

Allophanic esters, 327- 
Allopregnane, 1123, 1232. 
d-AIIose, 91 1. 

Alloxan, 325. 

Alloxanic acid, 325. 

Alloxantin, 325. 

Allyl alcohol, 91 . 

Allyl compounds, aromatic and con- 
jupttion, 845. 

Allyl ether, 97. 

Allyl ethers, transformation of, 653. 
Allyl halides, 70, 71. 

Allyl iso-thiocyanate, 948. 

Allyl mustard oil, 312. 

Allyl oxides, 207. 

Allyl sulphide, 101. 

Allyl thiocyanate, 312. 

Allyl-axoimide, 129. 

i-Allyl-2-naphthol, 653. 
a-Allylpyridine, 687. 

AUylene, 57. 

Alphyl (definition), 427. 

Alphyl oxides, 93. 

Alphyls, 24 . 

Alphylarylamines, 437. 
d-Altrose, 34a, qi i . 

Aluminium alkoxides, 490. 

Aluminium chloride as catalyst, 768. 
Aluminium ethoxide, 88. 

Aluminitum methyl, 138. 

Alypinc, 1189. 

Amalie acid, 326. 

Amatol, 423. 

Ambrettolide, 606. 

Amethyst violet, 1047. 

Amides, acid, 209-13. 

Amides of malic acid, 284. 

Amidines, 216. 

Amidincs of carbonic acid, 334. 
Amido-chlohdes, 214. 

Amidoximes^ 216. 

Amines, 115 . 

Amines and nitrous acid, 119. 

Amines, aromatic, 427. 

Amines, isomerism of, 118. 

Amines, mixed, 1 16. 

Amines of malic acid, 284. 

Amines, salts of, 118. 

Amines, separation of, 117. 

Amino acids, 243 . 

Amino acids and alcohols, 1241. 

Amino acids and bases from proteins, 
12X0, 121X. 

Amino acids and ketonic acids, 1242. 
Amino acids, deamidation of, 1256. 
Amino acids, heterocyclic, 1211. 

Amino acids, separation of, 1211. 


Amino groups, reactivity of, in naph- 
thylamines, 627. 

Ammo-acetic acid, 243. 

Amino - acetoveratrone hydrochloridt*. 
1007. 

Amino-anisoles, 481. 

Amino-azo com^unds, 649. 
Ammo-azo-napnthalene, 572. 
Amino-barbituric acid, 325, 
Amino-benzaldehydes, 494. 
Amino-benzene, 433. 
Ammo-benzene-sulphonic acids, 470. 
Amino-benzoic acids, 518, 519. 
p-Amino-benzothiazoIe, 1033, 
o- Amino-benzoyl-formic acid, 531. 
o- Amino-cinnamic acid, 523. 

2- Amino-decahydronapht:halene8, 793 . 
P-Amino-dimetnylaniline, 440. 
Amino-ethane acid, 243. 
j 5 -Amino-cthylsulphonic acid, 227. 
a-Amino-glutaric acid, 284. 
Amino-guanidine, 334. 

3 - Amino - 4 - hydroxy benzene residue, 
1203. 

3- Amino-4-hydroxyiphenylarsine oxide, 
1202. 

o-Amino-mandelic acid lactam, 667. 
Amino-naphthol-sulphonic acid, 574. 
2-Amino-6-oxypurine, 331. 
Amino-phenanthrenes, 587. 
/>-Amino-phenol, 460, 648. 
Amino-phenols, 481. 

6-Aminopurine, 331. 

Aminopyridines, 685. 

Amino-succinic acid, 284. 
Aminolhiazole, 676. 
Amino-triphenyl-mcthanes, S54- 
Ammonia bases, 115. 

Ammoniacal liquor, 398. 

Ammonium ions, 613. 

Amcebacides, 1187. 

Amphotropin, 1166. 

Amygdalin, 491, 947, 124?' 

Amyl acetate, 204. 

/-Amyl alcohol, configuration of, 1306. 
Amyl alcohol, fermentation, 90. 

Amyl alcohols, 90. 

Amyl nitrite, 104. 

Amylase, 1247. 

Amylene, 45, 53. 

Amylocoagulasc, 370. 

Amyloid, 363. 

Amylopectin, 371. 

Amyloses, 370. 

Amylum, 368. 

Anaesthetics, 1173* 

Anaesthetics, local, 1188. 

Ana position, 694. 

Androstandione, 1121, 1231. 

Androstane, 1231. 

Androstcnediol, 1232. 

Androsterone, 1117, 1120 , 1228, 1231 
Androsteronc : dehydroiso-, 1121. 
Androsterone from cholesterol, 1121. 
Ancsthesin, 1188. 

Aneurin, 1221. 

Aneurin, synthesis of, 1223. 

Angelic acid, 190. 

Anhydrides acid, mixed, 208. 

Anilic acids, 444* 
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Anilides, 432, 444. 

Aniline, 428, 4^. 

Aniline black, 1051. 

Aniline blue, 561. 

Aniline, salts of, 434. 

Aniline yellow, 465. 

Anionoid reagents, 61 1, 640. 

Anions, organic, 613. 

Anisaldehyde, 497. 

Anisic acid, 514, 526. 

Anisidincs, 481. 

Anisole, 477. 

Anisyl alcohol, 497. 

Anserine, 1216. 

Antefebrine, 1178. 

Anthanthrone, 1063. 

Anthocyanidin chloride, 1145. 
Anthocyanidins, glycosides of, 1146, 
Anthocyanidins, synthesis of, 1147. 
Anthocyanins, ii45- 
Anthocyanins, s>'ntheses of, 1151. 
Anthracene, 578. 

Anthracene acid, brown, 1025- 
Anthracene blue, 584. 

Anthracene blue VVR, 1054. 

Anthracene brown, 1054. 

Anthracene brown S\\^ 1054. 
Anthracene, constitution or, 580. 
Anthracene, derivatives of, 581. 
Anthracene from naphthalene, 579, 
Anthracene oil, 400. 

Anthracenes ; i ;2-dibenz-, 1 1 29. 
Anthrachrysin, 

Anthrafiavin, 584. 

Anthragallol, 584, 1054. 

Anthraimides, 1060. 

Antbranilj 519. 

Anthranilic acid, 519, 673. 

Anthranol, sli*- 

Anthrapurpurin, 584, 1054. 1186. 
Anthraquinone, 579j 5®^. 740* 
Anthraquinones, 1246. 

Anthraquinone acridones, 1065. 

1 :2:i';2 -Anthraquinoneazine, 1062. 
Anthraquinone derivatives, 582. 
Anthraquinone dyes, soluble, 1060. 
Anthraquinone vat dyestuffs, 1060. 
Anthrarobin, 585. 

Anthrarufin, 584. 

Anthrols, ^581. 

Antimalarials, 1187. 

Antimony pentamethyl, 135. 
Antioxidants, 1097. 

Antipyretics, 1177- 
Antipyripe, 676, 1178. 

Antipyrines, 1178. 

Antiseptics, 1165, 1166. 

Apigenin, 1054, 1140. 

Apiose, 923. 

Apocyanines, 1039, 1040. 

Apomorphine, 1012. 

Aposafranines, 1045, 1048. 

Arabinose, 337, 345, 

</-Arabino8e, 91 1. 

/-Arabinose, 344, 357. 9*5- 
Arabinose-amylmercaptals, 353. 
Arabitol, 235. 
a-Arabojpyranose, 918. 

</- or /-Arabotrimethoxyglutaric acid, 

915. 917* 


Arachidic add, 183. 

Arachin, 1214* 

Arbutin, 947. 

Arecaine, 1002. 

Arecoline, 1002. 

Argol yellow, 1060. 

Arginine, 1219. 

Argininephosphoric acid, 1238. 

Anstol, 1169. 

Aristoquinine, 1005. 

Aromatic (definition), 375. 

Aromatic acids, 504. 

Aromatic acids, dibasic, 533. 

Aromatic acids, formation of, 506-12. 
Aromatic acids, monobasic, 512. 
Aromatic acids, monobasic, saturated, 
513- 

Aromatic acids, nomenclature of, 505. 
Aromatic acids, polybasic, 540. 

Aromatic acids, saturated, 506. 

Aromatic acids, unsaturated, 511. 
Aromatic halides, oxidation of, 415. 
Arsacetin, 1199. 

Arsanilic acids, 1197, 119®. ii99- 
Arsanthrene, 1207. 

Arsenic, alkyl derivatives of, 132. 
Arsenic compounds, cyclic, 1205. 
Arsenic, organic derivatives of, 1195. 
Arsenical antisyphitics, 1201-5. 

Arsine oxides, IX95- 
Arsines, secondary, 134. 

Arseno compounds, 1195. 

Arseno compounds, reduction of, 1200. 
Arsenobenzene, 1201. 

Arsenobenzene derivatives, 1200, 1201, 
1203, 1204. 

Arseno-methane, 1 1 96. 

..\r8eno-stilbene derivatives, 1206. 
Arsonic acid derivatives, 1196-9, 1202, 
1206. 

Arsonic acids, aryl, 1197, 1198, 

1199- 

Arsonium salts, 133. 

Arsphenamine, 1201. 

Aryl (definition), 427. 

Arylamines, 427. 

Arylamines, acyl derivatives of, 444. 
Arylarsonic acids, 1196. 

Ascaridole, 973. 

Ascorbic acid, 1234. 

/-Ascorbic acid, 943. 

Ascorbic acid, .synthesis of, 944. 
Asparagine, 284. 

Aspartic acid, 284, 1211. 

Aspergillus, species of, 1245. 

Asphalt, 44. 

Aspirin, 1167, ii79* 

Association 01 alcohols, acids, 712. 
Astacene, 1139. 

Astraphloxtne FF, 1042. 

Asymmetric carbon atom, 180. 

Atcbrin, 1187. 

Atochinol, 1185. 

Atomic structure, 14. 

Atophan, 1185. 

Atoxyl, 1198. 

Atropic acid, 514, 523. 

Atropine, 1014. 

Auramine G, 1035. 

Auramine O, 1034. 
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Aunc.hloridcfi, iig, 431. 

Aurinc, 561. 

Autoxidation, 740. 

Auxins, 1233. 

Axerophthol, 1221 . 

Azafrin, 1139. 

Azalaic acid, 190, 264, 737, Q03. 
Azalenes, 906. 

Azides, acid, 213. 

Azides, structure ol, 1286. 

Azine dyestuffs, lo.^- 
Azo-benzene, 457, 459 , 4^3. 
Azo-benzene, stereoisomeric forms of, 
805. 

Azo-carmines G and B, 1049. 
Azo-compounds, aromatic, 459. 
Azo-compounds, mixed, 459. 

Azo-dyes, 452, 463 . 

Azo-dyes from naphthalene, 574. 
Azo-dyes with pyrazalone group, 1024. 
Azomethines, 432, 493. 
a- Azo-naphthalene, 573. 

Azophenylene, 701. 

Azo-phenyl-ethyi, 459. 

Azoxy-benzene, 457, 1293. 

Azoxy compounds, 457. 


Bacillus coli, 1244. 

Bacteria, oxidizing, 1245. 

Baiculein, 1 140. 

Bakelite, 1078. 

Balsams, 593. 

0 -Baptigenm, ii44* 

Barbituric acid, 326 , 117J. 
Bardhan-Sen-Gupta synthesis, 592. 
Bases, from pyrrolidine, 1014. 

Bases, phenanthrene, 1013. 

Bases, primary, secondary, &c., 115. 
Bases with ten membcrcd ring, 1013. 
Basle blues R and R, 1048. 

Basvlous substituents, 615. 

Beckmann rearrangement, 803. 
Beckmann transformation of oximes, 
650 . 

Beeswax, 183. 

Behcnic acid, 183. 

Benthiazyl benzoate, 1096. 

Benthiazyl thiostearate, 1096. 

Benzal chloride, 419. 

Benzaldehyde, 490. 
Benzaldehyde-phenyl -hydra zone. 494. 
Bcnzaldoxtme, 493. 
Benzaldoxime-N-mcthi 1 ether, 1293. 
Benzamide, 516. 

Benzamide silver, 517. 

Benzamino-acetic acid, 517. 
Benzanilides, 516, 803. 

Benzanthracene: 5:io-dialkylated-i:2'>, 
1130. 

Benzanthrone, 1062. 

Benzazide, 517. 

Benzene, 41, 406 , 410 . 

Benzene, centric formula for, 391. 
Benzene, constitution of, 389. 

Benzene, electronic formula for, 393. 
Benzene, equal value of hydrogen atoms 
in, 386, 392. 

Benzene, K.ekul 4 formula for, 389, 390, 
39Z. 


Benzene, ortho, rrut.i, and pam com- 
pounds, 389, 394. 

Benzene, resonance of, 1334. 

Benzene, side chains in, 384, 408 . 
Benzene, table of homologues of, 406. 
Benzene, various formula* for, 392, 393. 
Benzene derivatives, 383. 

Benzene derivatives and fatty com- 
pounds, 401, 404. 

Benzene derivatives, dipole momenib of, 
1287. 

Benzene derivatives, isomeric relations 
of, 386. 

Benzene derivatives, occurrence of, 397. 
Benzene derivatives, properties of, 385. 
Benzene derivatives, stereoisomerism of, 
397 - 

Benzene derivatives, structure of, 779. 
Benzene from acetylene, 401. 

Benzene hexabromide, 415. 

Benzene hcxachlonde, 414, 415 . 

Benzene homologues, Raman spectra, 
1274 - 

Benzene hydrocarbons, 405, 406. 
Benzene hydrocarbons, constitution of, 

408. 

Benzene hydrocarbons, isomers, 408. 
Benzene hydrocarbons, oxidation of, 408, 
Benzene hydrocarbons, reduction of. 

409. 

Benzene hydrocarbons, unsaturaled, 

413* 

Benzene nuclei, combined, 541. 

Benzene nuclei, condensed, 565. 

Benzene nucleus, 384. 

Benzene nucleus, and carboxyl group, 
509 - 

Benzene ring, numbering of, 389. 
Benzene-aTO-benzene, 459. 
Benzene-diazoic acid, 452. 
Benzene-diazonium hydroxides, 453. 
Benzene-dicarboxylic acids, 534. 
Benzene-disulphonic acids, 471. 
Benzene-disulphoxidc, 479. 
Benzene-sulphinic acid, 469. 
Benzene-sulphonamidc. 469. 
Benzene-sulphonic acid, 468. 
Benzenc-sulphonic chloride, 468. 
Benzene-trisulphonic acids, 471. 
Benzhydrazide, 517. 

Benzhydrol, 547. 

Benzidam, 433. 

Benzidine, S43- 
Benzidine dyes, 1026. 

Benzidine hydrochloride, 458. 

Benzidine rearrangement, 648, 649 . 
Benzidine-sulphonic acids, 544 
Benzil, 550. 

Benzil mono- and di-oximes, 550. 

Benzil monoximes, 804. 

Benzil, reduction of to benzoin, 840, 
Benzilic acid. 547, 551, 646. 
Benziminazoles, ^3. 

Benzisooxazoles, ^3. 

1 :2-Benznaphthacene, 597. 

Benzo fast scarlet, 4BS, 1028. 

Benzoates, as aneesthetics, 1188, 1189. 
Benzoflavine, 1038. 

Benzoic acid, 513 , 514. 

Benzoic acids, substituted, 518. 
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Henzoic anhydride, 516. 

Benzoin, 550. 

Benzoline, 41 . 

Benzol motor spirit, 401. 
Benzo-nitrile, 517. 

Benzo-peroxide, 516. 

Benzophcnone, 496. 
Benzophenone-carboxylic acid, 547. 
Benzophenone-oxime, 497. ' 
Benzophenone-phenylhydrazonc, 497, 
Benzopurp urine 4B, 1027. 
p-Benzoquinone, 499. 
o-Benzoquinone, 501. 

Benzosalin, n68. 

Benzo- thiophene, 665, 666. 
Benzoyl-acetic acid, 53 1 . 

Benzoyl -acetone, 496. 

Benzoyl-azimide, 517. 
o-Benzoyl-benzoic acid, 579. 

Benzoyl -benzoic acids, 547. 

Benzoyl chloride, 516. 
Benzoylcyclohexane, 835. 

Benzoyl-/- ecgoninc methyl ester, 1015. 
Benzoyl-formic acid, 495, 530 . 
Benzoyl-hydrazine, 517. 

Benzoyl -sal icin, 947. 

3 ;4-Benzphenanthrene, 1 130. 
Benzpyrene, 1129. 


Blanc's rule, r 109, 

Blue dyes, 561. 

Hogert^s synthesis, 592. 
Boiling-point, 1260. 


3 :4-Ben2pyrene, 597. 

Benzthiazyl sulphides, 1096. 

Benzyl alcohol, 488, 489 . 

Benzylamine, 428, 446 . 

Benzyl benzoate, 516. 

Benzyl-cellulose, 367, 1083. 

Benzyl cyanide, 519- 
i-Benzylcyclohexan-2-one, 835. 

Benzyl halides, 414 , 415, 418 . 
Benzylidene-acetonc, 496. 
Benzylidene-acetophenonc, 496. 
Benzylideneazine, 494. 

Benzylidene chloride, 419. 
Benzylmorphine hydrochloride, 1013. 
Benzyltetramethylammonium, 1195. 
Berberine, loio. 

Berlin blue, 307. 

Beryllium acetylacetone, 709. 

Betaine, 245. 

Betol, 1168. 

Biebrichscarlet, 466, 1026. 

Bile acids, 1 106. 

Bile acids in animals, 1122. 

Bile pigments, 1 1 56. 

Bilianic acids, 1109. 

Bilineurine, 227. 

Bilirubic acid, 1 1 57. 

Bilirubin, iio6, 1156. 

Bindschedler’s green, 1043. 

Bisaboline, 994. 
a-Bisabolol, 994. 

Bis-azo-dyes, 466. 

Bismarck brown, 4^65, 1028. 
Bis(methyl-hydrazme-phenyl) methane, 
462. 

Bi8-triazo-com{Munds, aliphatic, 129. 
Bitter almond oil green, 55$. 

Bitumens, 1069. 

Biuret, 326 
Bixin, 1134. 

^Bixin, 1135* 

Bixindialdehyde, 1138. 


Boiling-point, 1260. 

Bond, 40 , 47. 

Bond, double, 46-51, 833. 834. 

Bond, hemicyclic double, 1300. 

Bond, olefine, 46-51, 834. 

Sue Monq-enes; Polyenes, 

Bonds, conjugated double, 1300. 
Bone-oil, 682. 

Bordeaux, 3B, 1061. 

Borneols, 986. 

Bomyl a-bromoisovalerate, 1175. 
Bomyl chloride, 978, 987, 

Bornyicne, 977 , 979. 

Bornylene nitrosite, 977. 

Boron triethyl, 135, 

Brassidic acid, 191. 

Brazilein, 691. 

Bridge hydrogen, 7 io. 

! Brilliant alizarin blue GR, 1053. 
Brilliant benzoviolet zRL, 1028. 
Brilliant croccin, 1026. 

Brilliant fast blue, 1028. 

Brilliant green, 555, 1172, 

Brdliant indigos B and 4G, 1058. 
Brilliant milling green, 555. 

Brilliant orange K, 1022. 

Bromalbin, 1175. 

a-Bromcamphorsulphonic acid, 772. 
Bromclin, 1250. 

Bromination of acids, 876. 

Bromine, as oxidizing agent, 737. 
Bromo-anilines, 435. 

Bromo- benzene, 414, 

Bromobenzyl cyanide, 1259. 
i-ai-BromoDutylpiperidine, 1004. 
p-Bromocamphoric acid, 982. 
Bromo-camphors, 984. 
3-Bromocamphor-8-sulphomc acid, 985. 
Bromoform, 61, 68. 

Bromoglydine, 1175. 
a-Bromoisovalerylcarbamidc, 1176. 
a-Bromoisovalerylurea, 1175. 
8-Bromomenthan-2-one, 989. 

1- Bromo-naphthalene, 570. 
Bromo-nitrobenzenes, 423. 
Bromophcnols, 479. 
p-Bromo-phenyl-hydrazine, 462. 
Bromopin, 1175. 

Bromopropaldehyde, 153. 
Bromo-toluenes, 414. 

Bromovalol, 1175, 

Bromural, 1175. 

Brucine, 1017. 

Bufodesoxycholic acid, 1 107. 

Buna rubbers, 1098. 

Butadiine, 58. 

Butane, 29. 

Butane acid, 177. 

I'Butane^-acid, 190. 

Butane diacid, 

Butane>z:4-diamme, 226. 

Butanedtol diacid, 285. 

Butanedione. 254. 

ButaneotetroJ, 234. 

Butanol diacid, 283. 

Butanols, 89, 

2- Butanone, 162. 
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Butanon« diacid, 296. 

Butene diacid, 277. 

Buteain, 1188. 

Butin, 1144. 

Butine diacid, 282. 

Butter yellow, 465. 

Butyl alcohol, 89. 
n-Butyl alcohol, 1243. 

«-ButyI alcohol from acetaldehyde, 854. 
Butylene. 45, 52. 

Butyl halides, 60, 65. 

Butyn, 1188. 

Butyric acids, 177, 1244. 

Butyro-lactonc, 249, 274. 

Butyronitrile, 113. 


Cacodyl, 134, 

Cacodyl chloride, 134. 

Cacodyl oxide, 133, 134, 135. 

Cacodylic acid, 133, 135. 

Cadalene, 995. 

Cadaverine, 227. 

Cadincne, 095. 

Caffeic acid, 533. 

Caffeine, 331. 

Cairolin, 095. 

Calciferol, 1113, 1114 , 1116, 1225. 
Calcium glucosate, 340. 

Caledon blue H, io6i. 

Caledon jade green, 1065. 

Caledon red GG, 1066. 

Calliatephin, 1146, 1151. 

Camphane, 973. 977. 

Camphanic acid, 984. 

Camphene, 978. 

Camphcne and ethyl diazoacetatc, 979. 
Camphene-ozonide, 978. 

Camphenic acid, 979. 

Camphenilone, 978, 980 . 

Camphenylic acid, 979. 

Campholenic acid, 981. 

Campholide, 083. 

^-camphor, 986. 

Camphor, artificial, 987. 

Camphor from camphoric acid, 983. 
Camphor from pinene, 983. 

Camphor hydra2one, 991. 

Camphor, Japan, 980, 

Camphor-oxime, 981. 

Camphorquinone, 985. 
Camphor-aemicaimzone, 981. 

Camphor, substituted derivatives of, 984. 
Camphor sulphonic acids, 772, 985. 
Camphoric acid, 979, 981, 983 . 
Camphoric acid, esters of^, 983. 
Camphoronic acid, 981, 982. 

Camphors and teipenes, 951. 
Camphylamine, 981. 

Cane sugar, 366 , 358. 

Cane sugar, inversion of, 358. 

Cannizaro reaction, lao, 489, 6O2. 
Caoutchouc. See Rubber. 

Caoutchouc, constitution of, 1091. 
Capaxanthln, 1139. 

Cappanthin, 1140. 

Capri blues, 1051. 

Capric add, 183. 

Caprylic acid, 183. 

Carane, 973. 


Carbamic acid, 301, 317. 

Carbamic chloride, 3x8. 

Carbamide, 318 . 

Carbanilide, 446. 

Carbarsone, 1199. 

Carbazolc, 643 . 

Carbazol yellow, 1027. 

Carbazones, semi-, 805. 

Carbinols, optically active, 1302. 
Carbitone, 1176. 

a-Carbocinchomeronic acid, 1006. 
Carbocyclic compounds, 375. 
Carbohydrates, 335, 910. 

Carbohydrates, synthesis of, 373 . 
Carbolic acid, 477. 

Carbon, bivalent, 859. 

Carbon dioxide and formaldehyde, 374. 
Carbon monoxide, 859. 

Carbon oxychloride, 315. 

Carbon pernitridc, 130. 

Carbon subnitride, 130. 

Carbon suboxide, 272. 

C.irbon tetrabromide, 61, 69. 

Carbon tetrachloride, 61, 69, 316. 
Carbonic acid, 314. 

Carbonic acid, amidines ot, 334. 
Carbonic acid, esters of, 315. 

Carbonic acid, sulphur derivatives of, 
331 - 

Carb onic oxide oxime, 860. 

Carbonium cations, 611. 

Carbonyl chloride, 315. 

Carbonyl compounds, Raman spectra, 
1274 * 

Carbostyril, 523, 695. 

Carbostyril, absorption of, 1270. 
/ 3 -Carboxybenzyl-a-hydrindone, 876. 
3-Carboxy-cyclopentyl-i8obutyric acid, 

aSlSxyl group and benzene nucleus, 

509* 

Carboxylase, 1240, 1247. 

Carboxylate ion, resonance of, 1333. 
Carboxylic group, 164. 
P-Carboxyphenylmethylethylarsine sul- 
phide, 811. 

m-Carboxypbenylmethyl sulphoxide, 
813, 

Carbylamines, 113, 859. 

Carbylamines, constitution of, 114. 
Carcogenic hydrocarbons, 1128-33. 
Carenes, 990. 

Carmoisine, 1023. 

Camosine, 1216. 

Carone, 989. 

Caronic acid, 990. 
a-Carophyllene, 996. 

Carotene, 1163. 
j 5 -Carotene, 1137. 

^rotenes, ii37» 1138. 

Carotenoids, 1133. 
j?-Carotenone aldehyde, 1137* 
Carthamidin, 

Carvacrol, 473, 483 , 961, 981. 
Carvenone, 989. 

Carvomenthol, ^9, 989. 

Carvone, 965, 972 . 

Carvotanacetonc, 966, 989. 

Carvoxime, 965, 972. 

CaseiiKigen, 1215- 
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Catalyst, aluminium chloride as, 768. 
Catalyst, hydrogen bromide as, 823. 
Catal>'st in hydrogenation, copper 
chromite as, 744. 

Catalyst in hydrogenation, nickel as, 742. 
Catalyst in hydrogenation, palladium as, 
746 - 

Catalyst in hydrogenation, platinum as, 

745. 

Catalyst, iodine as, 767. 

Catalyst, phosphoric acid as, 770. 
Catalyst stiminants, 754. 

Catalysts in dehydration, metallic oxides 
763, 764, Jfib. 

Catalysts, mutarotation, 1311. 

Catalysts, poisoning of, 748, 75^. 
Catalysts, selective action of, 755. 
Catalytic action of metals, 741. 

Catalytic dehydration, mechanism of, 

Catal>'tic esteril'ication, 200, 765. 
Catalytic formation of acetone from 
acetylene, 771. 

Catalytic formation of aldehydes, yby. 
Catalytic formation of amines, nitriles 
ana thiols, 766. 

Catalytic formation of ketones from 
acids, 766. 

Catalytic hydrogenation, ^41, 752. 
Catalytic reactions, complex, 770. 
Catalytic synthesis from acetylene, 767. 
Catechol, 473, 484 , 

Cathepsin, 1250. 

Catio-cnoid systems, 642, 837. 

Cationoid reactions (aromatic), 640, 
Cationoid reagents, 61 1, 638. 
Cationotropy, 880. 

Cations, organic, 6 1 1 
Celanese, 1067. 

Cellase, 360. 

Cellobionic acid, 360, 930. 

Cellobiose, 3O0, 930. 
Cellobiose-octa-acetatc, 360. 
Celiobiose-osazone, 360. 

Cellosan, 363. 

Cellose, 360. 

Cellosolve gly collate, 1084. 

Celluloid, 366. 

Cellulose, 362 , 1248. 

Cellulose acetates, 366. 

Cellulose and starch, 938. 

Cellulose esters, 366, 367, 1083. 

Cellulose fermentation, 364, 1244. 
Cellulose, fermentation in ruminants, 
1258. 

Cellulose hydrates, 364. 

Cellulose, industrial applications of, 365. 
Cellulose nitrates, 366. 

Cellulose peroxide, 364. 

Cellulose xanthate, 367. 

Celluloses, compound, 368. 

Cephaline, 1009. 

Cephaline-monometbyl ether, 1009. 
Cerebosides, 895. 

Ceretone, 45. 

Cerotene, 53. 

Ceroiic acid, 183. 

Ceryl alcohol, 90. 

Ceryl ceroate, 204. 

Cetene, 45. 


Cctoleic acid, 901. 

Cetyl alcohol, 90. 

C’etyl palniitate, 204, 

Chain compounds, closed, 375. 

C!hain degradation of acids, 217, 

Chain lengthening of acids, 217. 

Chains, closed, 13 , 25. 

Chains, open, 13 . 

Chalcone, 496. 

Chalcones, 1141, 

Chaulmoogric acid, 896, 900, 901. 
Chelate groups, 706. 

Chelate rings, 706, 816. 

Chelate rings with hydrogen, 710. 
Chelate rings with metals, 707. 

Chelated hydroxy-ketones, 71 1. 
Chelidonic acid, 678, 680 . 
Chemotherapeutic index, 1165. 
Chemotherapy, 1165. 

Chenodesoxy cholic acid, 1 107. 
Chlor-acetic acids, 196. 

Chloral. 153 . 

Chloral alcoholate, 153. 

Chloral amide, 1174. 

Chloral formamide, 1174. 

Chloral hydrate, 1174. 

Chloralurethane. 1174. 

Chloramine 1 ’, 1 171 . 

Chloramines, 1170. 

Chloranil, 501. 

C’hlorantine fast green BLL, 1029. 

( 'hlorazol blues, 1030. 

C'hlorazol sky blue FF, 1027. 
Chloretone, 1 174. 

CJhlorhydrins, formation of, 823. 

Chlorin e, 1159. 

Chlorination of phenols, 639. 

Chlorine as oxidizing agent, 737. 
Chlorine in chloro-nitro-benzenes, 642 
Chloroacetophenone, 1259. 
Chloro-anilines, 435. 

Chloro- benzene, 414. 

Chlorobenzene, resonance of, 1332. 
5 -Chlorocamphant“, 977. 
io-ChIoro-5:io-dihydrophenar8azine, 
1205. 

Chloroform, 61, 68, 1174. 

Chloroformic acid, 196, 316. 
Chloro-mcthanol, 151. 

I -Chloro-naphthalene, 570. 
Chloro-nitrobenzenes, 423. 

Chloro- phenols, 479. 

Chlorophyll, 374- 
Chlorophyllase, 1158. 

Chlorophyllide, 1 1 58. 

Chlorophylls, absorption spectra of, 
1162. 

Chlorophylls a and 6, 1158, 1163. 
Chloropicrin, 107, 1259. 
Chloropropionic acid, 196. 
Chloropyridine, 684. 

Chlorothymol, 1167. 

Chloro-toluenes, 414. 

Cholane, 1108. 

Cholanic acid, 1 108. 

Cholanthrene, 1130. 

Cholanthrene ; methyl-. 1129. 
i\ 3 : 7-Cholestadien-3-oi, 1 n6. 
Choiestane, 1102. 

^Cholestanol, iioz* 
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ChQle8t-3-ene : 3;7-dihydroxy-, 
Cholesterol, 1102. 

Cholesterol: epi-dihydro-, 1120. 
Cholesterol, ergosterol, and stigma- 
sterol, 1106. 

Cholesterol, structure of, 1105. 
Cholesterols, iiox, 1226. 

Cholesteryl acetate, 1116. 

Cholcsteryl acetate: dihydro-, 1120. 
Cholestrophane, 324. 

Cholic acid, 1107, iio8. 

Choline, 227 . 

Choline group, ^9. 

Choloidanic acid, 1 1 10. 

Chromane, 690. 

Chrome patent green, 1025. 

Chrome violet, 562. 

Chromogenes, 463, 

Chromone, 690. 

Chromones, 1143, 1144. 

Chromophore group, 1267. 
Chromophores, 463. 

Chromoproteins, 1215, 

Chrysamine G, 1027. 

Chrysanin, 1186. 

Chrysanthemin, 1146. 

Clirysanthemum carboxylic acids, 1192. 
Chrysazin, 584, 

Chr>Ttene, 597, 598 , 1112, 1133. 
Chry'sin, 1140. 

Chrysoidines, 465. 

Chrysophenine G, 1027. 

Ciba blue 2B, 1058. 

Ciba brown R, 1058. 

Ciba green Cj, 1058. 

Ciba scarlet G, 1059. 

Ciba violets, 1059. 

Cinchene, 1006. 

Cinchol, 1102. 

Cincholoiponic acid, 1005. 
Cinchomeronic acid, 688. 

Cinchonine, 1006. 

Cinchoninic acid, 696, 1006. 
Cinchotoxine, 1005. 

Cineol hydrobromide, 972. 

Cincoles, 066, 069, 972 . 
Cinnamaldehvde, 494. 

Cinnamene, 413 . 

Cinnamic acid, 51 1, 3:12, 514, 521 . 
Cinnamic acid, addition of halogens to, 
820. 

Cinnamic acids, 522. 

Cinnamic alcohols, ^^90. 
o-Cinnamo-carboxyhc acid, 574. 
Cinnamylidcne acetic acid, 840. 

Cis acids, 382. 

Cm- and tram-compounds, 776-8, 
792-9. 

Cm- and tram-isomerides, Raman 
spectra, 1274* 

Cm- and fram-stereoisomerides, 281. 
Cis- and tram-structure of cyclo- 
paraffins, 776. 

Cis-butene aiacid, 277. 

Citral, 958. 

Citral semicarbazonea, 958* 

Citrates, ethyl. 299. 

Citrazinic acia, 299« 

Citric acid, 298 . 

Citric acid from glucose, tz45. 


Citronellal, 956. 
Citroncllalsemicarbazone, 956. 
Citroneliic acid, 956. 

Citronellyl - fl - naphthocinchonic acid, 
956. 

Citryhdene-cyanoacetic acids, 958. 
Civetone, 604. 

Clark I, il, 1259. 

Clostridium acetobutylicum, 1243. 
Clupean, 1217. 

Clapeine, 1210. 

Coalite, 398. 

Coal-tar, 398 . 

Coal-tar, compounds present in, 399. 
Coal-tar, hydrocarbons from, 596. 
Coal-tar, oils from, 400. 

Cobalt salts, 814. 

Cocaine, 1015. 
a-Cocaine, 1016. 

Cochineal, 1017. 

Coerulein, 1036. 

Codeine, 1012. 

Codeinone, 1013. 

Co-enzyme, 1237. 

Coke, 398. 

Collidine, 683, 686. 

Collodion, 366. 

Colophonium, 593, 974. 

Colouring matters, natural, 1133. 
Columbamine, 1010. 

Combustion of hydrocarbons, 35. 
Conchoporphyrin, 1153. 

Conductivity, electrical, 1326. 
Configurations, absolute, 1306, 1320. 
Congo brown G, 1029. 

Congo red, 1026. 

Comdendrin, 1071. 

Coniform, .498, 948. 

Coniferyl alcohol, 497, 498 , 948. 
Coniine, 687, 1001. 

Conjugated dienes and diazomethane, 

847. 

Conjugated dienes and ethyl diazo- 
acetate, 847. 

Conjugated dienes, ring closure with, 
^ 45 - 

Conjugated dienes with hydrogen halides, 
842. 

Conjugated polyenes, stereochemistry' 
of^ 844. 

Conjugated systems, 837-45. 
Conjugated systems, addition to, 839. 
Corrugated systems and electronic 
theory, 844. 

Conjugated systems, hydrogen bromide 
and peroxides, 842. 

Conjugated systems, neutralized, 838. 
Conjugated systems, opposed polar, 838, 
Conjugated systems, stability of, 845. 
Conjugated systems, terminal or 1:4 
addition in, 840. 

Conjugated systems with Grignard 
compounds, 841, 843. 

Conjugated systems with 10 olefine 
links, 839. 

Conjugation and absorption, 852. 
Conjugation and exaltation of refraction, 

851. 

Constitution, determination of, 9. 

Constitutional formulae, 10 , 11, 12. 
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Conyrinc, 687. 

Co-ordinated metallic complexes, 703. 
Co-ordination compounds, 813. 
Co-ordination compounds, stereo- 
chemistry of, 813. 

Co-ordination number, 703 , 704. 
Copper benzoylp5Tuvic acid, 708. 
Copper chromite as catalyst, 744. 
Copper glycocoll, 244, 707. 
Coproporphyrin, 1153. 

Coprostane, i io8. 

Coprosterol, rioz. 

Coriandrol, 955. 

Correine RR, 1052. 

Corticosterone, 1123, 1232. 

Cortin, 1 123, 1232, 

Corydaline, 10 10. 

Cotarnine, 1008, 1009. 

Cotamone, 1009. 

Cotton yellow G, 1027. 

Coumaran, 666, 

Coumaric acid, 514, 531. 

Cournarin, 531, 690. 

Coumarinic acid, 532. 

Coumarins, 1143. 

Coumarone, 665. 

Couplmg, 452. 

Coupling, mechanism of, 10 ig. 

Co valency links, ij. 

Cracking of natural gas, 402. 

Cracking of petroleum, 42. 

Creatine, 335. 

Creatinephosphoric acid, 1238. 
Creatinine, 335. 

Cremor tartari, 288. 

Creosol, 485. 

Creosote oil, 400, 401. 

Cresol: p-chloro-w-, 1167. 

Cresol: i-triiodo-m-, 1169, 

Cresols, 47^3, 482 . 

OT-Cresyl cinnamate, 1 1 68. 

Croccin scarlet 8B, 1026. 

Crocetin, 1135. 

Cromassie navy blue 2RNX, loa6. 
Crotonaldehyde, 154. 

Crotonic acids, iSo. 

Crotonic acids, hafogenated, ig6« 
Cryptal, 972. 

Cryptopine, 1013. 

Crystalline (aniline), 433. 

Crystallization, 27. 

Crystal-violet, 560, 

Cubebin, 1071. 

Cumene, 406 , 412 . 

Curtius degradation, 653, 

Cyanamide, 301, 313. 

Cyanamides, aU^l, 314. 

Cyanenin, 1147. 

Cyanhydrins, 148, 238 . 

Cyanhydrins, formation of, 821, 

Cyanic acid, 301, 308. 

Cyanic acid, salts of, 308. 

Cyanides, 304. 

Cyanides, alkyl, iii. 

Cyanides, conmlex, 305, 

Cyanidin, 1146. 

Cyanin, 1146. 

Cyanines, 1039. 

Cyanmetninc, 11 3. 

Cyano-acetic acta, 196. 


C'yanogcn, 271. 301, 302 , 

Cyanogen compounds, 30«, 

Cyanogen haliaes, 307. 

Cyanol, 43?* . 

Cyanopropionic acids, 196, 
) 5 -Cyanopyridine, 685, 

Cyanthrol R, 1055. 

Cyanuric acid, 309 . 

Cyanuric chloride, 307. 

Cyanuric esters, 310. 

Cyanuric triazidea, 1280. 

Cyclic arsenic compounds, 1205. 

Cyclic compounds, 25, 376 . 

Cyclic oxygen compounds and salt 
formation, 818. 

Cyclobutane- 1 :3-dione, 849. 
Cyclobutylmethanol, 609. 

Cyclogeranic acids, 961. 
Cyclo-heptadecane group, 604. 
Cyclo-A*-heptadecene-9-one, 605, 
Cyclo-hexa-dienes, 410. 

Cyclo-hexane, 409. 

Cyclohexane- 1 :4-diol, 486. 
Cyclo-hexane- 1 4-dione, 500, 
Cyclohexanol, 477. 

Cyclo-hexene, 410, 6 og. 

Cyclohexylidene derivatives, 782. 
Cyclo-octadienes, 603. 

Cyclo-octane group, 603. 
Cyclo-octatetrene, 604. 

Cyclo-octatriene, 604. 

Cyclo-octene, 603. 

Cycloparaffins, 376, 776. 

Cycloparaflfins, formation o^ 379. 
Cycloparaffins, isomerism of, 381. 
Cycloparaffins, Raman spectra, 1275. 
Cjxloparaffins, stereoisomerism of, 38a. 
Cyclopentane- 1 :3-dicarboxylic acid, 988. 
Cyclopentanone derivatives, 608. 
Cyclopwentene from butadiene, 848. 
Cyclo-pentenophenanthrenc, noi, 1119. 
Cyclo-pen teno-phenanthrene bases, 1013. 
Cyclopropane- 1 :i :2-tricarboxylic acid, 

Cymarose, 023. 

Cymene, 406 , 412 , 969. 

^-Cymene from a-citntl, 960. 

/>-Cymene from terpincnc, 961. 
Cymogene, 41. 

Cystazol, 1166. 

Cystine, 1210. 

Cytase, 1248. 

Cytosine, 1211, 1217 . 


Daidzein, X144* 

Dambonite, io86. 

Datiscetin, 1141. 

Decahydronaphthalene, 569, 751, 792, 
D^iin, 569, 751. 

Decalin, stereochemiatry of, 792, 793. 
Decane, 29. 

Decatetrine diacid, 283. 

Decenoic acid, 901. 

A*-Decenoic ac^, 903. 

Decylene, 45. 

Degndation in ring systems, 607. 
Degradation of acid amide to amine, 
052. 
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Dcguelin, 1191. 

Dehydration, by aulphur and selenium, 

758. 

Dehydration, catalytic, 763. 
Dehydrocamphoric acid, 982. 
Dehydrodeaoxybilianic acid, 1 1 10. 
Dehydroergosterol, 1115. 
Dehydrogenases, 1247. 
Dehydrogenation, 727, 757* 
Dehydrogenation, abnormal reactions 
during, 760. 

Dehydrogenation and study of structure, 

758. 

Dehydrogenation, change in ring struc- 
ture during, 761. 

Dehydrogenation, wandering of alkyl 
groups during, 760. 

Dehydrogenation with sulphur, 994. 
Dehydrolumisterol, 1116. 
Dehydronerolidol, 993. 

Delphin blue, 1052. 

Delphinidin, 1 146. 

Delphinidin, synthesis of, 1148. 
Dclphinin, 1146. 

Deoxy “benzoin, 550. 

Dcoxyglucose, 354. 

//-Deoxyribosc, 1217. 

Depsides, 950. 

Dermatitis, 1224. 

Dermatol, 1168. 

A^-Desdimcthylgranataninc, (>03. 
Desmotropism, Syi. 

Desoxybilianic aad, 1 109. i no. 
Deaoxycholic acid, 1107. 
Desoxymethylpentosc, 923. 

Detergents, modem, 908, 

Deuterium, 890. 

Deuterium and hydrogen, 1272. 
Deuterium compounds, 890. 

Deuterium cyanide, 891. 

Deuterization of benzene derivatives, 
894. 

Dcuterization of hydrocarbons, 892. 
Deuterizing power of different reagents, 

893- 

Dcutcroacetykne, 891 , 

Deuterohaemin, 1156. 

Deuteromethane, 891. 
Dcuteroporphyrin, 1155. 

Dextrins, 373 . 

Dextro-and hevo^compounds, 181, 182. 
Dextrose, 349 . 

DextrO“tartaric acid, 285, 338 , 

Dhurrin, 947. 

Diacetamide, 213. 

Diacetanilide, 445. 

Diacetoglutaric acid. 297. 
Diacetoneofmetoses, 926. 
Diacetone-glucose, 936. 
Diacetone-mannose, 936. 
Diaceto-succinic acid, 297. 

Diacetyl, 254, 861, 900. 

Diacctylcne, ^8. 

Diacctylenedicarboxylic acid, 283. 
Diacetyienes, 858. 

Diacctylmorphine, 1013. 

Diacetyl osaaone, 254. 
Diacctyl-phenol-phthalein, 564. 
Diacetyl-r-tribromoaniline, 446. 

Dbkon, 1073. 

(b 480 ) 


Dial, 1176. 

Dialdehydcs, 253. 

Diallyl, 57. 

Dialuric acid, 32|(. 

Diamine black BH, 1027. 

Diamine blue BX, 1027. 

Diamine green B, 1029. 

Diamine sky blue, 1027. 

Diamines, meta, 443. 

Diamines, ortho, 442. 

Diamines, para, .144. 

Diamines j seconaary and tertiary, 226. 

2 :4-Diamino-azobcnzene hydrochloride , 

^465. 

Diammo-c^proic acid, 251. 
2i^'-Diamino-diphenyl, 543, 
Di-p-aminodiphenyl, 543- 
p-Diamino-diphenyl-methane, 547, 
Diaminophenazine, 442. 
^Diamino-stilbene. 549. 

Diaminovalcric acid, 251. 

Diamond black F, 1023. 

Diamond black Pv^ 1024. 

Diamond green, 1026. 

Dunisidine, 545. 

Diano! reds, 1030. 

Diary lamines, 437. 

Diaspirin, 1179. 

Diastase, 86, 370, 372. 

Diazenes, 126. 

Diazines, 700. 

Diazo black B, 1031. 

Diazo light yellow, zG, 1031. 
Diazo-amino-benzene, 452, 456 . 
Diazo-amino-compounds, 455 . 
Diazo-.'unino-naphthalene, 572. 
Diazo-benzene-sulphonic acid, 470. 
Diazo- benzoic acids, ^18. 
Diazo-compounds, almhatic, 126. 
Diazo-compounds and free radicals, 870. 
Diazo-compounds, aromatic, 447, 453 . 
Diazo-compounds, solid, 1030. 
Diazo-cyanides from p-anisjdine, 454. 
Diazo-dyes, 1025. 

Diazo-guanidine, 334. 

Diazoimines, 456. 

Diazo-methane, 126. 

Diazonium compounds, constitution of, 
448. 

Diazonium salts, 447, 448 , 450. 
Diazo-phenols, 481. 

Diazotizing, 448. 

Diazotizing with nitrogen peroxide, 
1022 . 

Diazotizing with nitrosulphonic acid, 
1022 . 

Diazotizing with sulphamic acids, 1021. 
Dibasic acids (aliphatic), derivatives of, 
268. 

Dibasic acids, aromatic, 533. 

Dibasic acids, elimination of water, 268. 
Dibasic acids, unsaturated, 276. 

Dibasic ketonic acids, 2^. 

I -.2:5:6- and 34.:5.*6- Dibenzactidine, 
1130. 

2:3:6:7-Dibenzanthraccne, 866. 
Dibenzanthrone, 1063, 1064. 
Dibenzpyr^equinones, 1063, 1064. 
Dibenz^, 548. 

Dibromoacetic acid, 879. 

44 
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j-Dibromosuccinic acids, 275. 

Dicetyl ether, 06. 

Dichloraminc T, 1171. 
Dichloro-butyro-lactone, 274, 
Dichlorodiethyl sulphide, 1359. 
Dichloroethylene, 856. 
fi^-Dichloroethyl sulphide, 98. 
jDichloroformoxime, 1259. 
Dichloro-maleic acid. 404. 

1 :4-Dichloro-p-mentnane, 965. 

Dick, 1259. 

Dicyclic systems, multiplanar, 792. 
Dicyclic systems, stability of, 796. 
Dideuteromalonic deutero acia, 892. 
Diels-Alder reaction, 795, 846 , 

hydrocarbon, 1013, nos, 1109, 

1112, 1126. 

Diethylallylacetamide, 1176. 
Diethyl-m-amino-phenol, 481. 
Diethyl-aniline, 428, 441. 
Diethylene-diamine, 226, 701. 
Diethylene glycol, 225. 
Diethyl-hydrazine, 125. 

Diethylin, 230. 

Diethyl-peroxide, 209, 

Diethyl-sulphone, 100. 
Dicthyl-sulphoxidc, 100. 
Diethyl-thio-urea, 333. 

Digitalein, 948. 

Digitalin, 948, 1124. 

Digitalose, 923. 

Digitanides, 1124. 

Digitogenin, 1128, 

Digitonin, 948, 1104, 1128. 

Digitose, 1124. 

Digitoxigenin, 1124, 1125 . 

D^toxin, 948, 1124. 

Digitoxosc, 923. 

Diglycollic acid, 243. 

Diglycollic anhydride, 242. 

Digoxigenin, 1126. 

Digoxin, 1124. 

Dihydric alcohols, 218. 
Dihydro-anthracene, 580. 
Dihydroanthracene derivatives, 887. 
Dihydro-benzcnes, 409. 
Dihydro-carbostyril from a-hydrindone, 
610. 

Dihydrocarveol, 965. 

Dihydrocholesterol, 1102. 
6:i2-Dihydiochry8ene, 599. 
Dihydrocivetone, 605. 
Dihydiocollidine-dicarboxylic acid, 683. 
Dihydrodiphenyl-quinoxaline, 443. 
Dihydrogiucal, 353. 

Srs'-Dihydrohydantoin, resolution of. 


Dihydroisoquinolines, 697. 
Dihydromethylpyridine, 685. 
Dihydrophenanthrenes, alkylated, 590. 
D^ydrophenazine, 702. 
Dihydropseudoionone, 993. 
Dihydrokopoline, 1016. 
Dihydroxyacetone, 253* 345 . i245. 1256. 
Dibydroxy-anthranof, 585. 

I a-Dihydroxyanthraquinone, 584. 
o-Diliydroxyazobenzene, 466, 712. 
3:^Dxhydroxy-bcnzaldehydc, 497. 
^Dihydroxy-benzophenone, 564. 
Dihycinxxycamphoric acid, 982. 


jiy-Dihydroi^chromonc, 691. 
Dihydroxy-cinnamic acid, 533. 
Dihydroxy dibasic acids, 285. 
Dihydroxy-diphenyls, 544. 
Dihydroxy-fluorane, ^64. 
Srj-Dihydroxyphthalic acid, 1246. 
Dihydroxy-tartaric acid, 297, 404. 
Dihydroxy-xanthone, 699. 
Diiodoacctylene, 879. 

Diiododithymyl, 1169. 
Di-iodo-p-phenol-sulphonic acid, 482. 
a-Diket(mutane, 254. 
Diketohexahydrochrysene, 599. 
j^Diketo-hexamethylene, 500. 
Diketones, resonance of, 1332. 
Diketopiperazine, 1213. 

D^ctic acid, 248. 
Dimethoxy-beiuidine, S45. 
6:7-Dimethoxyi8oquinoIine, 1007. 

6 ; 7 - Dimethoxyisoquinoline carboxylic 
acid. 1006. 

Dimetnoxysuccinic acid, 921, 922, 933. 
^-Dimethoxytoluene, 1007. 
Dimethyl-acetic acid, 178, 
Dimethylamine, 123. 
Dimethyl-amino-azobenzene, 452. 
Dimethyl-amino-azobenzene sulphonic 
acid, 465. 

Dimethyl-aniline, 428, 440 . 
Dimethyl-arsine chloride, 133, 135. 
Dimethyl-benzenes, 411. 
2:^Dimcthylbutane-2;3-diol, 222. 
2-Dimethyl-3-butanone, 162. 

1:1- Dimethylcyclobutane -2:4- dicar * 
boxylic acids, 076. 
Dimcmyl-A'-cycIohexcne, 608. 

1 ^-Dimethyl- A'-cyclohexene, 609, 
Dimcthyl-cyclo-hexenone, 402. 
2»-Dimethylcyclopcntane- 1 :i :3 -tri- 
carboxylic acid, 079. 

Dimethylfurane, 661. 
^-Dimethylglutaric acid, 990. 
Dimethyl-keten, 849. 

2 ;3-Dimethylnaphthalene, 1115. 
Dimcthyl-nitrobcnzenes, 423. 
Dimethylnorcampholide, 978. 
2:^Dimcthyl-A*'*-octadicn-8-al, 958. 
2:6-Dimethyl-A*'*-octadicn-8-al, 958. 
2:6-Dimethyl-A*’*-octadiene-8-ol, 954. 
2:6-Dimethyl-A*‘*-octadiene-8-ol, 954. 
2:6-Dimethyl-A**’-octadicnc-6-ol, 955. 

2 :^Dimethyl- A*' ’-octadienc-6-ol, 95 5 . 
2^Dimcthyl-A****’-octatricnc, 953. 
2:6-DimethyI-A>-octen-8~af, 956. 
2:6-Dimcthyl-A*-octen-8-al, 956. 
Dimcthyl-oxamide, 117, 271. 
Dimethyl-parabanic acid, 324. 
iiy-Dimcthylphenanthrcne, 591. 
Dimethyl-pnenylamine oxide, 440. 
Dimethyl-pboip^hmic acid, 131. 
Dimethylpipendonium iodide, 688. 
xa-Dixnethylpropane acid, 182. 
Dimethylpyrazine. 701. 
2;6-Dimethylpyridine, 684. 
2:^Dimethylpyndine»3 ^-^icarboxylic 

acid, 684. 

2:6«Dimetnyl-i*.4-pyrone, 678. 
au^Dimethyl-quinoline, 693. 
s-Dimethyl-succinic acida, 275. 
IHm«thyltaitadc acid, 921, 928. 
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Dimethyl*xanthine» 331. 
Dimethylxanthines, 331. 

Dimphthols, 574. 

Dinaphthyl» 576. 

Dinicotinic acid, 688. 

Dinitroethaiie, 107, 

Dinitromethane, 107. 

Dinitro-phenola, 480. 
2*.^-Dinitro-phenyl-hydra2inc, 462. 
Diocaine, 1190. 

Dionine, 1013. 

Diospienol, 972. 

Dioxane, 225. 

a-Dioxlmes, metallic derivatives of, 709. 
Dioxindole, 667 , 671. 

Dipentene, ^ 63 , 969, 971. 

Dipentenc from isoprene, 845. 
Dipentene hydrochloride, 9^. 
Dipeptidases, 1251. 

Diphenic acid, 544. 

Diphenyl, 541. 

Diphenylacetaldehydc from hydrobcn- 
zoln, 646. 

Diphenyl-acetic acid, 547* 
Diphenylamine, 439 , 808, 869. 
Diphenylaminechloroarsine, 1259. 
9:io-DiphenyIanthracene, 865. 
p-Diphenyl-benzene, 545. 
Diphenyl-bromo-methane, 547. 
^Diphenyl-butyro-lactone, 274. 
Diphenyl-carbinol, 547. 

Diphenyl -carbodiinuoe, 314. 
Diphenyl-carboxylic acids, 544. 
Diphenylchloroarsine, 1259, 

Dipheny Icyanoarsine , 1259. 

Diphenyl derivatives, 542, 1287. 
Diphenyl derivatives, stereochemistry of, 
784. 

Diphenylene-ketone, 548. 
Diphenylene-methane, 548. 
Diphenylenemethane oxide, 698. 
I>iphenylene oxide, 544. 
aa-EHphenyl-ethanc, 547. 

4- Diphcnylethylenc, 548. 

5- Diphenyl-glycols, 549. 
Diphenyl-glyoxylic acids, 547, 
Diphenyl-hydrazine, 462. 
s-Diphcnyl-nydrazine, 459. 

Diphenyl hydrophenaztne, 868. 
Diphenyline, 543. 

Diphenyl-iodonium hydroxide, 420. 
Diphenyl-iodonium iodide, 420. 
Diphenyi-keten, 849. 

Diphenyl-ketone, 496. 
Diphenyl-methane, 545, 547 , 870. 
Diphenylmethyl radical, 865. 
Diphcnylnitric oxide, 869. 
Diphenyl-nitrosamine, 439, 868. 
Diphenyl oxide, 477. 
aa-Dipnenyl-) 5 -picmhydrazyl, 869. 
Diphenyl-quinomethane, 850. 

D^henyl, substitution in, 644. 
r-Diphenylsuccinic acid. 827. 
Dipncnyl-thio-urea, 446, 

Diphenyl-urea, 446. 

1 :4-Dipbenyluretidone, 665. 

Dipho^ne, 1259. 

Dipicolinic acid, 688. 

Dipiperidine, 1192. 

Diplosal, 1179. 

(B 480 ) 


Dipole moments, 1282-90. 

Dipole moments and structure, 1285. 
Dippel’s oil. 682. 

Dipropargryl, 58. 

Dipyndine, 685. 

Dipyridyl, 685, 1192. 

Diquinine carbonate, 1005. 

Direct black V. 1029. 

Direct cotton dyes, 1026. 

Direct yellow RT, 1033. 

Diseptal, 1170. 

Dispieraol dyes, 1068. 

Dissociation constant, 185, 615, 618, 
1326. 

Dissociation of acids, degree of, 624. 
Distillation, fractional, 27. 

Distillation, steam, 27. 

Duulphorides, 813. 

Dithio acids and vulcanization, 1096. 
Dithiocarbamates, 1096. 
Di-p-tolylamino-tetramethylammonium, 
,459. 

Diurea, 320- 
Diuretics, 1 1 84. 

Dodecane, 29- 
Dodecylene, 45. 

Dormalgin, 1176. 

Dormigene, 1175, 1176. 

Dormiol, 1174. 

Double bond, 819. 

Double bond and unsaturated acids, 833, 
834, 835. 

Double bond in terms of electrons, 820. 
Double bond in unsaturated cyclic 
hydrocarbons, 835. 

Double brilliant scarlet, 1022. 

Drugs in orranism, fate of, 1194. 

Drugs, synthetic, 1164 . 

Dulcitol, 235. 

Duotal, 1168. 

Duprene, 1100. 

Duranol dyes. 1068. 

Duranthrene blue, 1061. 

Durenes, 406 , 413 . 

Dyes, acetate cellulose, 1067. 

Dyes, alizarin, 1055. 

Dyes and mordants, 464, 1023. 

Dyes, azine, 1043. 

Dyes, azo-, 463-7, 1019. 

Dyes, cyanine, 1039. 

Dyes, direct cotton, 1026. 

Dyes, fast (various), 574, 1019, 1022, 
1034, 1037, 1048, 1050, 1056. 

Dyes, hydroj^ketone, 1054. 

Dyes, indamine, 1042. 

Dyes, indophenol, 1042. 

Dyes, ingrain, 1030. 

Dyes, nitroso- and nitro-, 1019. 

Dyes, oxazine, 1043, 1051. 

Dyes, parazolone, 1032. 

Dyes, phcnylmethane (di- and tri-), 
1034. 

Dyes, phthalocyanine, 1066. 

Dyes, quinoline, 1038. 

Dyes, stilbene. 1032. 

Dyes, substantive, 1026. 

Dyes, sulphide, 1056. 

Dyes, s)mthetic, 1017 - 69 . (See Con- 
tents, Chap, LIX.) 

Dyes, thiazinc, 1043. 
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Dyes, thiassole, 1032. 

Dyes, vat, 1057. 

Dyes, vat, anthraquinonc, 1057. 
Dyes, vat, indigoid, 1057. 

Dyes, xanthrene, 1036. 
Dynamite, 232. 


Ecgonine, 1015. 

Edcstin, 1214. 

Egrg albumin, 1218. 

Eichrome red B, 1034. 

Eicosane, 29. 

Eicosylene, 45. 

Eikonogen, 574. 

Elaeostearic acid, 902. 

Elaidic acid, 190. 

Elastin, 1214. 

Elbs’ synthesis, 1132. 

Eleadic acid, 905. 

Electrical conductivity, 1326. 

Electron attracting groups, 617, 
Electron diffraction, 1281. 

Electron releasii^ groups, 6i6, 
Electrovalency links, 1 5. 

Emetine, 1009. 

Empirical formula, calculation of, 3. 
Emulsin, 491. 947. 

Enantiomorphism, 774, 775. 

Endo stereoisomerides, 796. 

Enolic forms, estimation of, 873, 
Enolization, 260, 262. 

Enolization and Grimard reagents, 875. 
Enolization of aldehydes and ketones, 

875- 

Enolizing action of alkalis, 875. 

Enols, Meyer’s method for, 873. 

Enols, ozone method fot, 874. 
Enterokinase, 1256. 

Enzyme action, 1247. 

Enzymes, 86, 946, 1247-59. (See Cow- 
tents, Chap. LXIX.) 

Enzymes, amylotic, 1247. 

Enzymes and food digestion, 1254. 
Enzymes, carbohydrate splitting, 1247. 
Enzymes, classification of, 1247, 
Enzymes, coapilatmg, 1247, 

Enzymes, hydrolytic, 1247. 

Enzymes, lypolitic, 1247. 

Enzymes, oxidizing, 1247. 

Enzymes, proteolytic, 1250. 

Enz^es, reducing, 1247. 

Enzymes, selectivity of, 1248. 

Enz^es, synthetic functions of, 1252. 
Eosm, 564. 

Eosines. 1036. 

/-Ephearine, 1182. 

Epicarine, ii66. 

Epichlorhydrin, 231. 

Epimerization, 1305, 

Epinine, 1182. 

Equilenin, 1119, 1231. 

Equilin, 1119, 1231. 

Erepsin, 1256. 

Ergostadienetriol, 1113. 

Ergostanetriol, 1113. 

Ergosterol, 1102, 1106, 1113, 
Ergosterols, 1226. 

Erucic acid, 191, 896, 901. 

Erythritol, 234. 


Erythroanthraquinone, 584, 

Emhrosc, 345. 
d-Erythrosc, 91 1. 

Erytnrosin, 564. 

Er^hrosines, 1036. 

Eserine, 1001. 

Ester-alcohol, 218. 

Esterase, 1247. 

Esterification, 198. 

Esterification, applications of, 630. 
Esterification, hindrance of, 630, 
Esterification of a df-acid, 293, 772. 
Esterification, polar effects in, 631. 
Esters, 81, 169. 

Esters, acid, 101. 

Esters, aliphatic, 197. 

Esters, isomerism of, 20.1. 

Esters, neutral or normal, 10 1. 

Esters of inorganic acids, 101, 

Esters of sulphuric acid, 108. 

Etard's reaction, 491, 496, 731. 

Ethanal, 151. 

Ethanal acid, 255 
Ethane, 29, 37. 

Ethane acid, 174. 

Ethane-amide, 213. 

Ethane diacid, 269. 

Ethane-dial, 253. 
i-Ethane-dicarboxyUc acid, 273 
Ethane-nitrile, 113. 

Ethanc-oxy-etliane, 95. 

Ethane-thiolic acid, 209. 

Ethanol, 83. 

Ethanolarrune, 225. 

Ethanoyl chloride, 206, 

Ethenol, 91. 

Ethenyl-aiphenylamidine, 2 1 6. 

Ethers, 93. 

Ethers, constitution of, 93. 

Ethers, isomeric, 97. 

Ethers, mixed, 93. 

Ethers, simple, 93. 

Ethers, theories of formation of, 95. 
Ethinc, 56. 

Ethoxides, 88. 

a-Ethoxypropionic acid, 247. 

Ethyl acetate, 204, 854. 

Ethyl acetchloramidc, 214. 

Ethyl acetchlorimide, 214. 

Ethyl acetoacetate, 872. 1298, 

Ethyl acetoacetate, enolic form, 872. 
Ethyl aceto-acetate, hydrolysis of, 259. 
Ethyl aceto-acctate, tautomcrism of, 250. 
Ethyl alcohol, 83. 

Ethylamine ethyl-dithiocarbamate, 333. 
Ethylamincs, 123, 1182, 1183. 
Ethyl-aniline, 428. 

Ethylbenzene, 406, 411. 

Ethyl benzoate, 515. 

Ethyl-benzoic acid, 514. 

Ethyl bcnzoylacetatc, 1295. 

Ethyl butyrate, 204. 

Ethyl carbamate, 317. 

Ethyl carbonate, 315. 

Ethyl-cellulose, 367. 

Ethyl cetyl ether, 96, 

Ethyl chloride, 1174. 

Ethyl chloroformatc. 316. 

Ethyl collidinetricarDOxylate, 683. 

Ethyl cyanurate, 310. 
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Glucosides, cyanogenetic, 947. 
Glucosidfts, synthetic, 1252. 
a- and ) 3 -Glucohept 08 C 8 , 344. 
d-GIucosone, 350. 

/9-Glucopyrano8c-4-p-galactopyrano8e, 

930 - 

Glucopyranose-6-p-gluco8ide, 931. 
Glutaconic acids, tautomerism of, 884. 
Glutamic acid, 284, 1211. 
y-Glutamyl-cystcyl^ycinc, 1216. 
Glutaric acid, 264, JvS. 

Glutaric anhydride, 677. 

Glutathione, 1216. 

Gluteins, 1214* 

Glutenin, 1214. 

Glutose. 02 $. 

Glyceraidchyde, 345, 1256. 
Glyceraldehydc monophosphate, 1240. 
Glyceratcs, hydrolysis of, 625. 

Glyceric acid, 251. 

Glyceric acid monophosphate, 1240. 
Glyceric aldehyde, 253. 

Glycerides, 168, 230, 232, 233. 
Glycerides, mixed, 184, 898, 899. 
Glycerides, simple, 898. 

Glycerine, 228 , 

Glycerol, 228. 

Glycerol, esters of, 230, 232, 233. 
Glycerol, from glucose, 1241. 

Glycerol, manufacture of, 229. 

Glycerol monophosphate, 1240. 
Glycerose, 253, 345 , 354. 
d-Glycerosc. 911. 

Glyceryl chlorhydrins, 230, 231 . 
Glyceryl chloride, 69. 

Glyceryl monoformate, 173. 

Glyceryl oxalate, 91. 

Glyceryl oxalates, 232. 
Glyceryl-sulpjhuric acid, 230. 

Glyceryl trinitrate, 230. 

Glycide alcohol, 231. 

Glycine, 243, izio. 

Glycines, 1216. 

GlycocolJ, 241 , 243 . 

Glycocoll, alkyl and acyl derivatives of, 
245 « 

Glycocoll hydrochloride, 243, 
Glycocyamidine, 335, 

Glycocyamine, 334. 

Glycogen, 372, 1256. 

Glycol, 236. 

Glycolaldehyde. 354. 

Glycol chlornydrin, 223. 

Glycol diethyl ether, 220. 

Glycol esters, 223. 

Glycol ethers, 223. 

Glycolide, 2 ^. 

Glycolipida, 895. 

GlycoUamide. 241. 

GlycoUic acid, 236, 237. 241 > 

GlycoUic acid, anhydrides of, 242. 
GlycoUic aldehyde, 236, 253. 

GlycoUic dinitrate, 223. 

Glycols, 218. 

Glycols-y, 222. 

Glycols, sodium, aao. ^ 

Glycols, structure of, 219. 

GlycoUyl chloride, 241. 

GlycoUylurea, 322. 

Glycoluric acid, 322. 

(b 460 ) 


Glycoproteins, 1215. 

Glycol, 1168. 

Glycosides, 340, 945 . 

Glycosides of anthocyanidins, 1146. 
Glycuronic acid, 255, 1194. 

Glycyl glycine, 1213. 

Glyoxalj 236, 253. 

Glyoxahc acid, 236, 255. 

Glyoxalin, 677. 

Glyptals, 1082. 

Gnoscopine, 1008. 

Gossypetin, 1141, 

Grape-sugar, 349 , 

Grignard comjpounds, 33, 136, 139 , 407, 
^4^4, 455, 462, 491. 65! 

Gngnard compounds, aromatic, 416. 
Grignard compounds with ether, 713. 
Grignard reagents, 55, 71, 80, 117, 139 , 
156, 159, 162, 489, 496, 547, 548, 552, 
590, SQJ, 619, 632, 875. 

Grignard reagents and camphor, 986- 
Grignard reagents and phenyl-hydra- 
zones, 462. 

Guaiacol, 484, 1168. 

Guaiacyl carbonate, 1168. 

Guaiacyl phosphite, 1168. 

Guaiamar, 1168. 

Guaiarelic acid, 1091. 

Guanidine, 301, 334. 

Guanidine carbonate, 334. 

Guanine, 331, 1211, 1217. 

/-Gulonic acid, 357. 
d-Gulose, 911. 

/-Gulose, 344. 

Gun-cotton, 366. 

Guvacine, 1002. 

Guvacoline, 1002. 


Haematic acid, 1159. 

Hacmatin hydiochloride, 1 1 54. 
Hacmatoporphyrin, 1154, 1156. 
Haemin, 1154. 

Haemochromogen, 1156. 

Haemocyanin, 1215. 

Haemoglobin, 1156, 1215. 1217. 
Haemoproteins, 1215. 

Hacmopyrrole, 1159. 

Halides, benzyl, 414 , 418 . 

Halogen derivatives, aromatic, 414. 
Halogen derivatives of paraffins, 58. 
Halogen derivatives of paraffins (table), 
60. 

Halogen replacement, 620. 

Halogenatcd acids, isomerism of, 193. 
Halogenated monobasic acids, 192. 
N-Halogenated sulphonamides, 471. 
Hansc yellows, 1031. 

Harmine, 1003. 

Hatchetta brown, 306. 

Haworth synthesis, 589. 

Heat of atomization, 1264. 

Heat of crystallization, 1263. 

Heats of formation, 1264, 1265. 

Heats of hydrogenation, 1266. 

Heavy hydrogan, 890. 

Heavy oxygen, 894. 

Heavy oxygen in esterification and 
hydrolysis, 894. 

Heavy oxygen water reactions, 894. 
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Hedonai, 1176. 

Helianthine, 465. 

Helminthosporin, 1246. 
Helminthosporum, 1246. 

Hemi-celluloses, 368. 

Hemimellithene, 406 , 412 . 
Hemimellitic acid, 540. 

Heneicosane, 29. 

Henna dye, 1054. 

Hentriacontane, 29. 
Heptamethylsucrose, 933. 

Heptane, 29. 

Heptoses, 3^7. 

Heptyl halides, 60. 

Heptylene, 45. 

Heroin, 1013. 

Hesperctic acid, 947. 

Hesperetin, 1140. 

Hesperidin, 947. 

Hessian brown BB, 1029. 

Heteroauxin, 1234. 

Heterocyclic compounds, 376, 656. 
Heterocylic compounds, metallic atoms 
in, 657. 

Heterocyclic compounds, six-membcrcd, 
699. 

Heterocyclic rings, six-membered, 677, 
699. 

Heteroenoid system, 639, 837. 
Hetocresol, 1168. 

Hetol, 1167. 

HeumamCs synthesis of indigo, 673. 
Hexabromo-benzcnc, 403, 418. 
Hexachloro-benzene, 403, 414, 418. 
Hexachloro-ethanc, 856. 

Hexacontane, 29, 

Hexadecane, 29. 

A*-Hexadeccnoic acid, 901, 903 , 907. 
Hexadecylene, 45. 

Hexadeuterobenzene, 891. 

Hexa- 1 :5-diene, 57- 
i:5-Hexadiine, 58. 

Hexahydric alcohols. 235. 
Hexahydro-benzene, 409. 
Hexahydro-hydridcne, 794. 
Hexahydro-^-hydrindonCj 794. 
Hexahydro-isophthalic acid, 403. 
Hexahydrophenanthrenes, 593. 
Hexahydro- phenol, 477. 
Hexahydropyrazine, 701. 
Hexahydroxy-bcnzene, 487. 
Hexamethyl-benzene, 402, 413. 
Hexamethylenetetramine^ 1166. 
Hexamethyl-para-rosaniline, 559. 
Hexamine, 1 1 66. 

Hexane, 29. 

Hexaphenylethane, 861. 

Hexoic acids, 182. 

Hexophan, 1185. 

Hexemyranose from a pentafuranosc, 
920. 

Hexose phosphates, 1237, 1240. 

Hexoses, 337, 346 , on. 

Hexoses, action of amalis on, 924. 
Hexoses, cnolic form of, 925, 

Hexoses, syntheses of, 354. 

Hexyl halides, 60. 

Hei^lene, 45. 

/-Hinokinin, 1071. 

Hinsber^s method for amines, 117. 


Hippuric acid, 517 . 

Hirsutidin, 1146, 

Hirsutin, 1146. 

Histamine, 1227, 1228 . 

Histidine, i2it, 1214. 

Histones, 1214. 

Hofmann degradation, 352 . 

Hofmann reaction, 212, 674. 

Hofmann* s method for amines, 117. 
Holocaine, 1189. 

Homatropine, 1014, 1188. 
Homocamphoric acid, 983. 
Homocatechal, 485. 

Homologous series, 22. 

Homology, 22. 

Homoterpenyl methyl ketone, 970, 976. 
Homoterpinylic acid, 977. 

Homoveratnc acid, 1007. 

Hordenin, 1214. 

Hordenine, 

Hormones, 1227 . 

Hormones, follicular, 1122, 1123. 
Hormones, plant, 1233. 

Hormones, sex, 1116 ^ 1228, 1230 . 
Hormones, sex, in animals, 1122. 
Hudson's lactone rule, 918. 

Hybrid ion, 244. 

Hydantoic acid, 322. 

Hydantoin, 322. 

Hydracrylic acid, 248. 

Hydrastme, 1009. 

Hydrastininc, 1009. 

Hydra tropic acid, 514, 521 
Hydrazides, 243, 461. 

Hydrazine, 124 , 334. 

Hydrazines, 124 . 

Hydrazines, aromatic, 460 . 
Hydrazo-benzene, a.57, 4<8, 459 , 
Hydrazo-compounas, 458. 

Hydrazoic acid, 334. 

Hydrazones, 149. 

Hydrazyls, 869. 

Hydrindane, 794. 

Hydroazines, 1061. 

Hydrobenzoic acids, 515. 

Hydrobenzoins, 549. 

Hydrocarbons, classification of, 24 . 
Hydrocarbons from coa]>tar, 596. 
Hydrocarbons, polynuclear, 596. 
Hydrocarbons, saturated, 29 . 
Hydrocarbostyril, 521. 

Hydrocelluloses, 364. 

Hydrochrysenc deriv'atives, 502. 
Hydrocinnamic acid, 514, 521 . 
Hydrocotamine, ioo8. 

Hydrocoumarin, 532. 

Hydrocoumarin sulphonate, sodium, 

532. 

Hydrocyanic acid, 301 , 302 , 878. 
Hydroferricyanic acid, 307. 
Hydroferrocyanic acid, 306. 

Hydrogen cj^ide, 302, 303 , 878 . 
Hydrogen, heavy, 890. 

Hydrogen value of polyenes, 746. 
Hydrogenation, catalytic, mechanism of, 

Hydrogenation, industrial, 748. 
Hydrogenation of tklehydea, 730. 
Hydrogenation of benzene compounds, 
751 
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Hydrogenation of fatty acids, 751. 
Hydrogenation of glycerides, 751. 
Hydrogenation of petroleum, 752. 
Hydrogenation under high pressures, 
747 - 

Hydrogenation with catalyst, 747. 
Hydrogenolysis, 744. 

Hydroisophthalic acid, 539. 

Hydrolysis, 622 . 

Hydrolysis, acid and ketonic, 262. 
Hydrolysis of alkyl chlorides, 621. 
Hydrolysis of acid amides, 21 1. 
Hydrolysis of acyl halides, 622. 
Hydrolysis of esters, 76 . 202, 623. 
Hydrolysis of esters ana polarity, 625. 
Hydrolysis of esters of dibasic acids, 625. 
Hydrolysis, velocity coefficient of, 624. 
Hydromellitic acid, 540. 
Hydronaphthalenes, 569. 

Hydron yellow G, 1066. 
Hydroparacoumaric acid, 526. 
Hydrophenanthrenes, 587. 

Hydro -phthalic acids, 536, 
Hydropyridines, 688. 

Hydroquinine, 1005. 

2- Hydro<juinoline, 695. 
Hydroquinolines, 695. 

Hydroquinone, 485. 

Hydroterephthalic acids, 538. 
Hydroxy-alcohols, aromatic, 497. 
Hydroxy-aldehydes, 253. 
Hydroxy-aldehydes, aromatic, 497. 

3- Hydroxyallocholanic acid, irob. 
Hydroxy-anthracenes, 581. 
Hydioxy-anthraquinones, 583, 1054. 
Hydroxyanthraquinone-sulphonic acid, 

1005. 

0-, m- and p-Hydroxyaromatic com- 
pounds, 710. 

Hydroxy-azobenzene, 452. 

P- Hydroxy-azo-benzene, 463, 466. 
o-Hydroxybcnzaldchyde, 497. 
Hydroxy-benzene, 477. 

Hydroxy benzoic acids, 514, 525 . 
o- Hydroxy benzyl alcohol, 497, 947. 

3- Hydroxy-butyraldehyde, 154. 

Hydroxy carvone, 975. 
Hydroxy-chloromcthyl ether, 151. 
Hydroxy-chrysazin, 584. 
Hydroxycyclopcntane, 600. 
2-Hydroxy-decahydronaphthalenc8, 

stereoisomeric, 793. 

Hydroxy dibasic acids, 283. 
Hydroxyethyl-mcthylamine, X013. 
Hydroxyglutamic acid, 121T. 
Hydroxyketonc dyestuffs, 1054. 
Hydroxy-ketones, 253. 

Hydroxylamines, alkyl, 124. 

Hydroxyl group, 74, 75. 

Hydroxyl groups, determination of 
number of, 233. 

Hydroxy-malonic acid, 283. 
8-Hydroxymcnthan-2-onc, 989. 

4- Hydroxy-3-methoxy-benzoic acid, 527. 
o-Hydroxymethyl-bcnzoic acid, 530. 
6-Hydroxy-2-methylbcnzoic acid, 1246. 
Hydroxy monobasic acids, 237. 
Hydroxynaphthaquinones, 575. 
Hydroxy-naphthoic acids, 576. 
Hydroxjmorcholanic acid, 1 106. 


/ 3 -Hydroxy-phenyl-alanine, 526. 
P-Hj^rox^henylethyldimetnylaminc, 

jS-p-Mfydroxy-phenyl-propionic acid, 
526. 

Hydroxy-phthalic acids, 539. 
Hydroxyproline, 1211. 
Hydroxy-propionic acids, 245. 
Hydroxypyridines, 686. 
Hydroxy-quinol; 473, 487. 
Hydroxy-succinic acid, 283. 
Hydroxythiotolene, 664, 
Hydroxy-tricarballylic acid, 298. 

S-Hydroxyuracyl, 324. 
rlymatol, 1166. 

Hyodesoxycholic acid, 1107, 
Hyoscine, 1016. 

Hyoscyamine, 1016. 

Hypnone, 495, 1 177. 

Hypnotics, 1173, 1176. 

Hypoxanthinc, 331. 

Hystazarin, 584. 


Ice colours, 1031. 

Icyl dyes, 1032. 

Idein, 1146. 
d-Idose, 911. 

/-Idose, 357 > >344- 
Imidochlorides, 214. 

Iminazole, 677. 

Imino-azo-phenylene, 443. 
Imino-carbamide, 334. 

Imino-ethers, 213, ilS. 

Imino formyl chloride, 878. 
Imino-thio-ethers, 215. 

I mmuno- polysaccharides, 943. 
Impurities and Raman spectra, 1272. 
Indamine blue, 1051. 

Indamines, 1043. 

Indanthrenc dyes, 1059-66. 
Indanthrone, 1061. 

Indazine M, 1047. 

Indican, 672. 

Indigo, 671, 672 , 1057. 

Indigo blue, 672, 674. 

Indigo carmine, 672. 

Indigoid vat dyestuffs, 1057. 
Indigo-sulphonic acids, 672. 

Indi^, synthesis of, 673. 
Indigo-white, 672, 674. 

Indigo yellow 3G, 1058. 

Indigos, halogcnated, 1058. 
Indirubin, 674. 

Indochromogene S, 1053, 

Indole, 666, 671. 
lndolyl-3 -acetic acid, 1234. 
Indophenols, 1043. 

Indoxyl, 668, 671, 673. 

Indoxylic acid, 669. 

Inductive effect, 616, 638, 830, 881. 
Indulines, 1045, 1049 . 

Ingrain colours, 1030. 

Inosite, 487. 

Inositol, 487. 

Inositol methyl ethers, 1086. 
Insecticides, 1191. 
insulin, 1227, 1229 . 

Inulase, 1248. 

Inulin, 941. 
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Inversion, detection of, 1319. 

Inversion, influence of solvents on, 1318. 
Inversion, mechanism of, 1321. 
Invcrtase, 86, 1247, 

Invert sugar, 358. 

Iodine as catalj^t, 767. 
lodival, 117s. 

i-Iodo-2:3-dihydrox5mropanc, 1169, 
Iodoform, 61, 68, ii6q. 
lodoformal, 1169. 
lodoformin, ii6g. 
lodo-isovalerylurea, 1175. 
lodol, 1169. 
lodole, 662. 

lodonium compounds, 419. 
^-lodopropionic acid, 196. 
lodoso-benzene, 419. 
lodothion, 1169. 

Iodo>toluenes, 414. 
lodoxy-bcnzene, 419. 

? -Iodoxy toluene, 1169. 
onamines, 1067, 

Ionization and tautomerism, 880* 
a- and jS-Ionones, 992. 
lonotropy, 880. 

Irene, 992. 

Irigenin, 1144. 

Irone, 992. 

Isacen, 1186. 

Isatic acid, 531. 

Isatin, 531, 668, 669 , 671, 672. 

Isatin, absorption of, 1270. 

Isatin chloride, 670. 

Isatogenic acid, 670. 

Isethionic acid, 228. 

Isoamyl isovalerate, 204. 

Isoanthroflavin, 584. 

Isobarbituric acid, 324. 

Isobomvlane, 973. 

Isobutyl carbinol, 90. 

Isobutyric acid, 849. 

Isocamphane, 973, 991. 

Isocamphoric acids, 983. 

Isocarthamidin, 1144- 
Iso-cinchomcric acid, 688 . 

Isocyanates, 652. 

Isocyanides, 113. 

Isocyanines, 1039, t 040 . 

Isocyclic compounds, 375. 

Isodialuric acid, 324. 

Isodibenzanthrone, 1065. 

Isodulcite, 346. 

Isoflavones, 1144. 

Isoform, 1169. 

Isogeronic acid, 1x38. 

Isoleucine, izio. 

Isotnalmse, 360. 

Isomerism, 0, 9. 

Isomerism, chain, 97. 

Isomerism, dynamic, 871. 

Isomerism of cycloparaffins, 381. 
Isomerism of esters, 204. 

Isomerism of fumaric and maleic acids, 
277. 

Isomerism of halogenated acids, 193. 
Isomerism of hydroxy fatty acids, 239. 
Isomerism of ketones, 1 57. 

Isomerism position, 97, 381. 

Isomerism, varieties of, 97. 

Isomers, 23, 31, 


Isomers of dibasic acids, 267. 

Isomers of paraflins, 31. 38. 

Isonicotinic acid, 687. 

Isonitriles, 113. 

Isonitriles, aromatic, 432. 
3-Isonitrocamphor, 985. 
Isonitrosocamphor, 981. 
Iso-nitroso-ketones, 160. 

Isophorone, 880. 

Isophthalic acid, 536. 

Isoprene, 952 . 

Isoprene, polymerized, 997. 
a-Isopropyl-y-acetylbutync acid, 972. 
a-lsopropylglutaric acid, 971. 
Iso-propyl halides, 60. 

t -Isopropyl-A*-hcxen-i-one, 967. 
sopropylidcnc derivatives of sugars, 
935- 

Isopropyl-pyridines, 687. 

Isopulegyl acetate, 957, 960. 
Isopyrocalciferol, 1115. 

Isoquinoline, 690, 696 . 

Isoquinoline, bases from, 1006. 
Isoquinolinc residues, bases with, loio. 
Isorosindulines, 1048. 

Isosaccharic acid, 296. 

Isosucrose octacclale, 934. 
Iso-thiocyanates, 3x2, 433. 
Iso-thiocyanic esters, 313. 
Isozingiberine, 994. 

Iburct, 321. 


atrorrhizine, loio. 
uglonc, 575. 


Kaempferol, 1141. 

Kairine, 1177. 

Kalmopyrin, 1167. 

Kephalins, 895, 909. 

Keracyanin, 1147. 

Keratin, 12x4. 

Kerosene, 41. 

Ketcn, 870. 

Ketens, 048. 

Kctin, 70 X. 

Kcto-acids, aromatic, 530. 

Keto and cnol forms, absorption of, 
1270. 

Keto-cnolic tautomerism, 260, 262, 872. 
q-Ketofructose, 023. 
Retohexahydropnenanthrene, 599. 
Ketohexoses, 35 x. 

Ketoketens, 849. 

Ketone, isopropyl, 876. 

Ketones, 143 , 155. 

Ketones, additive reactions of, 829. 
Ketones, aromatic, 495. 

Ketones as hypnotics, XX76. 

Ketones, condensation of, X59. 

Ketones, di- and tri-, X299. 

Ketones, nomenclature of', 158. 
a-Ketonic acids, 256. 

Ketonic acids from amino-acids, 1242. 
Ketoses, 337, 343 . 

Ketoses from alcohols, 1245. 
y-Ketostearic acid, ^2. 

Ketoximes, 160, 162 . 

Ketyls, metal, 867. 
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RharKivan, I20t. 

Knocvenagel reaction, 662. 

Kojic acid, i245' 

Kobe's synthesis of aromatic hydroxy 
acids, 654. 

Kryptocyanines, 1039, 1041 . 
Kryptopyrrole, ! 1 59. 

Kryptoxanthenin, 1139* 


Lac-dye, 1017. 

I^actam and lactim formation, 520. 
Lactamide, 247. 

Lactam-luctim tautomerism, 1270. 
Lactase, 360, 1247, 1248, 1256. 

Lactic acid, 236, 237. 1244, 1256. 
d(-)Lactic acid, absolute configuration 
of, 1306. 

Lactic acid, salts of, 247. 

Lactic acids, 194, 245 . 
l^ictic fermentation, 246. 

I^ctide, 248. 

Lactim and lactam, 520. 
l^ctobionic acid, 360, 929. 

I^ctobiose, 359. 
l^ctoflavin, 1224. 

Lactone rule, Hudson* s, 918. 

Lactones, 249, 343. 
i^-Lactoncs, configurations of, 919. 
I.4ictones, meth>lated, 921. 

Lactones, molecular rotations of, 1304. 
Lactose, 359, 929. 
l.actylic acid, 248. 

Ijevo- and dextro-compounds, 181, 182. 
Lae VO- tartaric acid, 285, 289 . 

Lsevulic acid, 264. 
l.«vuline blues, 1051. 

Laevulose, 351. 

a-Lagodcso3^cholic acid, 1107. 

Lakes, 464. 584 , 1054. 

Lakes as chelate compounds, 708. 

Lakes, chrome, 1024. 

Lakes, copper, 1024. 
l.audanme, 1006, 1007 . 

Laudanosine, 1006, 1007 , 

Laurie acid, 183, 896. 

Lawsone, 1054. 
laxatives, 1186. 

Lead tetraethyl, 138. 

Lecithins, 895, 909 , 1257. 
Lecithoprotein, 1215. 
l./eucanuine, 556. 

Leucaurine, 562. 

Leucine, 1210, 1220. 

Leuco-compounds, 463. 553. 
I^ucomalachite jfreen, 555. 
Leuco-rosolic acid, 562. 

Levopimaric acid, 595. 

Lewisite, 12^0. 
a-Licanic acid, 902. 

Lichenin, 372, 942. 

Lichnosan, 363. 

Liebermaiuvs reaction^ 474. 

Light and carbon dioxide, 374. 

Light green, 560. 

Lignanes, 1070. 

Lignin, 12 eS. 

Lignocelluloses, 368. 

Lignoceric acid, 183* 

Lignone, 368. 


Ligroin, 41. 

Limonene 6-nitrolpiperidines, 964. 
Limonenes, 963. 

Linalool, 955. 

Linalool-phenylurethane, 955. 
Linkages, covalent, 15, 704, 705. 
Linkings, types of, 15. 

Links, co-ordinate, 19. 

Links, covalency, 15, 704, 705, 
Links, electrovalency 15. 

Links, semipolar, 18. 

Links, singlet, 21. 

Links, stren^h of, 1275. 

Linoleic acid, 902, 904 . 

Linolenic acid, 193. 

Linolenic acid hexabromides, 904. 
Linolenic acids, 902, 904. 

Linolic acid, 193. 

Lipase, 184, 1247. 

Lipids, 895. 

Lipoids, 895. 

Liquiritigenin, 1144. 

Limium phenyl, 867. 

Lithocholic acid, IJ07, 1109. 
Ixiiponic acid, 1005. 

Lossen reaction, 652. 

Lotusin, 947. 

Luarirol, 1204. 

Lud;^, 1204. 

Luminal, 1176, 

Lumisterol, 1113, III 4 > II16. 
Lutein, 1139. 

Luteolin, 1140. 

Lutidin^, 686. 

Lutidinic acid, 688, 

Lycopenal, 1138. 

Lycopene, 1138. 

Lysetol, 1185. 

Lysidine, 1185. 

Lysine, 251, 1000, 12x9* 

Lysol, 1166. 

Lyxose, 346. 
d-Lyxose, 91 j. 


m«meta; see Meto-pontion. 

Magdala blue, 1048. 

Magenta, 557. 

Magenta cfyes, 556. 

Magenta, manufacture of, 559, 
Magnesium ethoxide, 88. 

Magnetic susceptibility of free radicals, 
865. 

Malachite green, 555. 

Malamic acid, 264, 284. 

Malamide, 284. 

Maleic acid, 277 . 

Maleic acid from benzene, 404. 
Maleinimide: methyl-ethyl-, 1159. 
Malic acid, 283 . 

Malonic acid, 271 . 

Malonic anhydride, 272. 

Malonic ester, 272. 

Malonyl, 267. 

Malonyl chloride, 272. 

Malonyl urea, 325. 

Molt amylase ( diastase), 86, 370, 

M^Itase, 360, 1247, 1256. 

Maltobionic acid, 929. 
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Maltobioso, 359. 

Maltose, 359, 928. 

Malt-sugar, 359. 

Malvenin, 1147- 
Malvidin, 1146. 

Malvin, 1146. 

Mandelic acid, 514, 529 . 

Mandelic acid, salts of, 1168. 
Mannide, 235. 

Manninotrionic acid, 935. 
Manninotriose, 361, 935. 

Mannitan, 235. 

Mannitol, 23';. 
d-Mannitol. 1245. 

Mannocaralose, 942. 
Mannoketoheptose, 344. 

Mannose, 357. 
d-Mannose, 351 , gii. 

/-Mannose, 344, 3S7- 
d-Mannose-phenyl-nydrazonc, 351. 
Martius* yellow, 574. 

Mass action, law of, 198. 
Matteucinol, 1 144' 

Mauveine, 1047. 

Mecocyanin, ii47* 

Meconme, 1009. 

Meldola's blue, 1051. 

Melene, 45, 53. 

Melezitose, 935. 

Melibiase, 1248. 

Melibionic acid, 932. 

Mehbiose, 360, 932. 
Melibiose-osazone, 361. 

Melissic palmitate, 204. 

Melissyl alcohol, 90. 

Melissyl palmitate, 183. 

Melitnose, 361. 

Mellitene, 413. 

Mellitic acid, 403, 540. 

Mellophanic acid, 540. 
Melting-point, 1262. 
A*<*<*^-Menthadien-2-one, 972. 
Menthadienes, 962, 965, 9O6, 967. 
Mentha- 1 :8-diol, 971. 
enthane, 962. 
p-Menthan-2-ol, 960. 
p-Menthan-3-ol, 968. 

Men than -3 -one, 968. 
A*-p-Menthen-6;8-dioI, 976. 
Menthene, 968- 

A*-/>-Menthene-i:4-dioxide, 973. 
A^-p-Menthen-2-ol-3-one, 972. 
A^-Menthen-S-ol, 969. 
A‘-Menthen-2-one, 967. 
A^-Menthen-3-one, 971. 
A*(*>-p-Menthen-3-one, 972. 
A*-p-Menthen-2-one, 989. 

Menthol, 968. 

Menthone, 968. 
Menthone-semicarbezone, 969. 
Menthyl salicylate, 1168. 
Mercaptals, 147. 

Mercaptans. 98, 09. 

i-Mercaptobenzthiazole, 1096. 
Mercerized cotton^ 364. 

Mercuric mercaptide, 99. 

Mercury fulminate, 860. 

Mercury phenyl, 467. 

Meroquinene, 1005, 1006. 

Mesidene, 428. 


Mesitylene, 401, 402, 406 , 411 . 
Mesitylcnic acid, 514, 520 . 

Mesityl oxide, 161 . 

Mesobilirubin, 1 1 57. 

Mesomerism, 1331. 

Mesoporphyrin, 1155, 1160. 
Meso-tartaric acid, 285, 290 . 
Mesoxalic acid, 296. 

Mcsoxalylurea, 325. 

Meta-aldehyde, 152. 

Metabolism. I2 54- 
Metacymene, 40 o. 

Metamerism, 97, 118. 

Metanilic acid, a 7 o. 

Metaphenylene blue, 1048. 
Meta-position, 389, 694. 

Metaproteins, 1209. 

Meth-acrylic acid, 190. 

Methane, 29 , 34. 

Methane acid, 172. 

Methanol, 82, 749. 

Mcthene, 51. 

Methionine, 1211, 1219. 
p-Mcthoxy-benzaldehyde, 497. 
p-Methoxy benzyl alcohol, 497. 
Methoxy-coniferin, 94H. 
p-Methoxydiphenylpropenes, 879. 
3-Methoxy-4-hydroxy-benzaJdehyde, 

3-Methoxy-4-hydroxybcnzyl alcohol, 
497* 

Methoxy-ketohydrochrysene, 600. 
Methoxyquinones, 641. 
Methyl-acetanilide, 445. 

Methyl acetylsal icy late, 1168. 
i 9 -Methyladipic acid, 968, 969, 972. 
Methylal. 151. 

Methyl alcohol, 82 . 

Melhyl-alloxans, 325. 

Methylamines, 122, 1170, 1183. 
Methyl-aniline, 428, 439 . 
Methyl-anthracene, 579. 
Methylarabinosides, 915. 
Methylarbutin, 047. 

1- Methylarsepedine, 1207. 
Mcthyl-arsine dichloride, 133, 135. 
Methyl-benzenes, 41 1. 

Methyl benzoate, 515. 

Methyl benzoylsalicylate, 1168. 

Methyl bromide, 64. 

2- Methyl-butane acid, 179. 

3 - Methyl- butane acid, 178. 
a-Methylcamphenilone, 987. 

Methyl chloride, 64. 

Methyl chloroform, 69. 

Methyl cholanate, 1 1 1 1 . 
a-Methyl-cinnamic acid, 511. 

I -Methyl-cyclobutane, 607. 
Methyl-cyclohexane, 607. 
i-Methyl-cyclohexan-3-one, 972. 

4- Mcthyl-cyclohexanone, 994. 
i-Mcthyl-cyclopentadeca-2-onc, 606. 
Mcthyl-A*-cyclopenten-al, 957. 
Methyl-A*-cyclopentene - 1 -carboxylic 

acid. 957- 

i-Methyf-3 :4-dihydroi»oquinoline, 697. 
Methyl ethanesulphonate, 1293. 

Methyl ether, 96. 

Mcthyl-cthyl-acctic acid, 179. 
Methyl-ethyl-bcnzencs, 406 , 
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Methyl-ethyl ketone, i6z, 856. 
Methylethylnitromcthane, resolution of, 

810. 

MethylethylphenacylRuIphinc bromide, 

811. 

Methylcthylphcnylphosphine oxide, 81 1 . 
Methylethylpropyl-tin iodide. 812. 
Methylethylselenetine bromide, 812. 
Methylethylthetine bromide, 81 1. 
Methylfructosides, 917. 
a-Methylfurane, 661. 
a-Methyl-galactosides, 351. 
Methyl-glucosidea, 350, 911, 9x2, 920. 
Methyl-glyoxal, 925, 1256. 
Methyl-glyoxalinc, 925. 

Methyl green, 560. 

Methyl halides , 60. 

5- Methyl heptan-2-one, 994. 

2-Methyl- A*-hepten-6-oi, 955. 
2-Methyl-A*-hepten-6-one, 959. 

Methyl heptyl ketone, 900. 
Methyl-hydantoin, 322. 
Methyl-hydrazine, 124. 

Methyl ^-hydroxyethyl ketone, 253. 
2-Methyl-A-hydroxy-quinoline, 693 . 
Methyl-indoles, 667. 

Methyl-ionones, 992. 

O- and N-Methylisatins, 671. 

Methyl isocyanide, 114. 
Methylisopropylacetaldehydc, 1 1 13. 

1 . Methyl - 4 - isopropyl -1:4 - dihydroxy - 
admic acid, 96^. 

1 - Methyl - 7 - isopropylphenanthrene, 
59*- 

Methyl-iso-thio-acetanilide, 215. 

2 - Methyl - 6 - methene - A* •’ - octadiene, 

Mc^ylmorphol, 1012. 
Methylmorphomethine, 1012. 

Methyl nitrate, 103. 

Methyl nitrite, 104. 

Methylnitrolic acid, 860. 

Methyl nonyl ketone, 900. 
Methylnorcamphor, 987. 

Methyl octamcthylmaltobionate, 929. 

6- Methyloctan-2-one-8-al peroxide, 956, 
Methyl orange, 465. 

Methyl oxalate, 270. 

Methyloxamic eater, 117. 
Methyl-parabanic acid, 324. 
Methyl-pelletierine, 1000. 
Methyl-phosphonic acid, 131. 
Methyl-piperidine, 688. 
2-Methyl-propanc acid, 178. 

2 -Methyl-2 -propene- 1 -acid, 190. 
Mcthyl-propyl-bcnzcnes, 412. 
Methylpyridmium hydroxide, 1247. 
Methylpyridonium iodide, 682. 
2-MethyIquinoIine, 696. 
Methylqumolinium hydroxide, 1247. 
Methylxodin^ 1168. 

Mcthyl-auccinic acid, 276, 

Methyl sulphate, 108, 1293. 
Methyl-aulphonic acid, 110. 

1 - Methyl - 2-tert- butyl- 5 4nethoxy-3i6» 
dinitro-benzene, 423. 

Mcthyl-uracyl, 263, 324. 

Methyl uric acids, 329. 

Methyl violets, 560. 

Methyladon by moulds, 1246. 


Methylation, exhaustive, 689, 953, 999, 
1012. 

Methylene, 51. 

Methylene blue, 1053, 1*72. 
Methylcne-coumaran, 69 1 . 

Methylene green G, 1053. 

Methylene halides, 60, 67. 

Methylene - protocatechuic aldehyde, 
497- 

Methylene quinones, 503. 

Methylene radical, 862. 

Michael reaction, 828, 880. 

Michler's ketone, 1034. 

Migration of radicals, 644. 

Migration of radicals from C to C, 645. 
Migration of radicals from C to N, 650. 
Migration of radicals from 1 to C, 655. 
Migration of radicals from N to C, 647. 
Migration of radicals from O to C, 653. 
Migration of radicals from O to N and 
N to N, 654. 

Mikado orange, 1033, 

Mikado yellow, 1033. 

Milk-sugar, 359. 

Milling blue, 1048, 1051. 

Milling scarlet, 1027. 

MUIotvs reagent, 1209. 

Mineral oils, 40. 

Mixed ketones, 156. 

Mobility in tautomerism, 881. 

Molasses, 358. 

Molecular compounds, 818. 

Molecular compounds, organic, 712. 
Molecular dispersivity, 1300. 

Molecular magnetic rotation, 1294. 
Molecular rearrangement. 644. 
Molecular refraction, 1296. 

Molecular refractivity, 1300. 

Molecular volume, 1290. 

Molecular weight, calculation of, 4. 
Moloxide, 740. 

Molozonidcs, 736. 

Monamincs, primary, aromatic, 428. 
Monamines, secondary-, aromatic, 437, 
Monasnincs, tertiary, aromatic, 439. 
Monoacetone-glucose, 936. 
Monoazo-dyestuffs, 1020. 
Monochloracetic acid, 855. 

Mono-, di- and tri-nitrins, 231. 
Mono-enes, 820. 

Mono-enes, additions to, 820-31, 
Mono-enes, additions to, alkali metals, 
827. 

Mono-enes, additions [to, amines, 829, 
831. 

Mono-enes, additions to, ammonia, 829, 
831. 

Mono-enes, additions to, ethyl di- 
azoacetate, 827. 

Mono-enes, additions to, halogens, 822, 
823, 824. 82s. 

Mono-enes, additions to. hydrogen cy- 
anide, 829. 

Mono-enes, additions to, hydroxylamine, 
829, 831. 

Mono-enes, additions to, hypobromous 
acid, 831. 

Mono-enes, additions to, ionic, 821. 
Mono-enes, additions to, mercaptans, 
826. 
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Mono-enes, additions to, nitrometliane 
829. 

Mono-encs, additions to, non-ionic, 820 
Mono-enes, additions to, sodium sul 
phite, 820. 

Mono-ethylin, 230. 

Monoformin, 91, 173. 
Monomethylol-urea, 1082. 
Monosaccharide, conversion of, 344. 
Monosaccliaride, synthesis of, 343. 
Monosaccharides, 336, 337 , pio. 
Monosaccharides, methylated. 341. 
Monosaccharides, unsaturated, 353 - 
Monosalicylin, 1168. 

Monoses, 336, 337 . 

Mordant colours, 1023. 

Mordants, 464. 

Mordants, chrome, 1022. 

Morin, 1141. 

Morphine, 1012 . 

Morphine alkaloids, 1006. 
Morphol-dimethyl ether, 589. 
Morpholine, 699. 

Moulding powder, io8i, 1083. 

Mucic acicf, 296, 659. 

Mucilages, 943. 

Mucins, 1215. 

Muco-celluloses, 368. 

Murexide, 326. 

Musk, ambretta, 423. 

Musk, ketone, 423. 

Musk, xylene, 423. 

Muskone, 605. 

Musks, artificial, 423. 

Mustard gas, 98 , 1259. 

Mustard oils, 312, 433. 

Mutarotation, 1306, 1311. 

Mutarotation catalysts^ 13 1 1 . 
Mutarotation, mechanism of, 1 3 1 1 . 
Mutarotation of glucose, 893. 

Mutases, 1247. 

Myosmine, 1003. 

Myrccne, 953. 

Myricetin, 1141. 

Myristic acid, 183, 896. 

Myristoleic acid, ^ i . 

Myronic acid, 948. 

Myrosin, 312. 

Naphtha, solvent, 401. 

Naphthalene, 566, 597, 
a-Naphthalene-acetic acid, 1234. 
Naphthalene-carboxylic acids, 576. 
Naphthalene chlorides, 569. 
Naphthalene, constitution of, 567. 
Naphthalene derivatives, 569. 

Naphthalene-diamines, 567. 
Naphthalcnc-dicarboxylic acids, 576. 
Naphthalene: 2:6-dimethyI-, 1138. 
Naphthalene homologues, 570. 
Naphthalene: 2-mcthoxy-5-hydroxy- 
ethyl-, 1118. 

Naphthalene, structure of, 780. 
Naphthalene, substitution in, 643. 
Naphthalene-sulphonic acids, 573. 
Naphthalic add, 576. 

Naphthaquinones, 575, 1227. 
Naphtha»rine. 575, 711. 

Naphthazine blue, 1048. 

Naphthoic adds, 576. 


a-Naphthol, 56O, 573 . 
j 9 -Naphthol, 573- 
Naphthol black B, 1025. 

Naphthol blue-black, 1025. 

Naphthol yellow S, 574. 

Naphthyl blue, 1048. 
o- and p-Naphthylamine, 571. 
Naphthylamine : 5-nitro-2-, 1 1 18. 
j8-Naphthyl methyl ether, 574. 
^-Naphthyl salicylate, 1168. 

Narceine, 1006, 1008 . 

Narcotme, 1006, 1008 . 

Nascent hydrogen, 714, 720. 

Neoacryl, 1199. 

Neoarsphenaminc, 1203. 

Neobihrubic acid, ii 57 - 
Neocyanines, 1042. 

Neoergosterol, 1113. 

Neokimrsivan, 1203. 

Neoprene, iioo. 

Neosalvarsan, 1202. 

Neotropin, 1172. 

Neoxanthobilirubic acid, 1157. 

Neral, 958. 

Nerol, 054. 

Nerol B, 1026. 

Nerol-diphenylurethane, 954. 

Nerolidol, 993. 

Nerolins, 574. 

Nerol tetrabrornide, 954. 

Nervonic acid, 901. 

Neurine, 227. 

Neuronal, 1176. 

Neutral blue, 1049. 

Neutral red, 1045. 

Neutral violet, 1045. 

Neutralization, 614. 

Nevile and Winther's acid, 574. 

New blue B, 1051. 

New orthoform, 1188. 

Nia^ra blue BX, 1027. 

Nickel, as catalyst, 742. 

Nicotine, 1002. 

Nicotine as insecticide, 1192. 

Nicotinic acid, 687, 1002, 1224. 

Night blue, 1035 
Night green A, 555. 

N^rosines, 1051, 

Nile blues, 1052. 

Nirvaninc, xi88. 

O-Nitracctanilide, 435. 

Nitramines, 120, 439. 

Nitraniline, 463. 

Nitranilines, 435. 

Nitration, 420. 

Nitric acid, esters of, 103. 

Nitriles, 166. 

Nitriles, aliphatic, 111. 

Nitriles, aromatic, 507. 

Nitriles, constitution of, 114. 

Nitriles, tautomcriam of, 885. 
B-Nitro-alizarin, 585. 
Nitro-amino-phenois, 48 1 . 
Nitro-benzaldehydes, 494. 
Nitro-benzene, 421, 4 **. 457 i 463. t* 93 * 
Nitro-benzene-sulphonic acids, 470. 
Nitro-benzenes, 421, 423 . 
Nitro-benzisoxazole, 804. 
o-Nitro-benzoyl-formic acid, 531. 
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o-Nitrobenxylphenylnitrosaminc, 718. 
3-Nitro-caxnpnor, 985. 

Nitrocellulotes, 366. 

0- Nitro-cinnamic acid dibromide, 521. 
Nitrocinnamic acids. 523. 
Nitro-compounds, aliphatic, 103-8. 
Nitro>compoxmds, aromatic, 420. 
Nitro-compounds, primary, secondary 

and tertiary, 106. 

Nitrocyclohexanc, 609. 

Nitro-dyesttiffs, 1019. 

Nitronethane, 104. 

Nitroform, 107. 

Nitrogen and stereochemistry, 800-10. 
Nitrogen bivalent and free radicals, 868. 
Nitrogen quadrivalent, 869. 

Nitrogen, quinquevalent and stereo- 
chemistry, 805-9. 

Nitroglycerine, 331 . 

Nitro-groups, activation by, 626. 
Nitro-guanidine, 334. 

Nitrohe acids, 106. 

Nitro-mesitylene, 421. 

Nitro-mcthanc, 104. 

1- Nitro-i -methyl cyclobutane, 607. 


i-Nitro-i-methylcyclopcntane, 609. 
a-Nitro-naphthalene, 568, 571 . 
o-Nitrophenol as chelate compound, 710. 
o-Nitrophenol from nitro-benzene, 641. 
o-Nitrophenol, resonance of, 1332. 
Nitro-pnenols, a8o. 
p-Nitro-phcnyl-nydratine, 462. 
o-Nitropnenyipropiolic acid, 524. 
Nitroaamine red paste, 1030. 
Nitroaamines, 120, ^38. 

NitxxMO- and nitro-dyestuffs, 1019. 
Nitroso-benzene, ^26, 
Nitroao-compounas, 
p-Nitroso-dimethylanilme, 440 . 
Nitroso-indoxyl, 668. 

Nitroso-limonene, 972. 
p-Nitroso-phenol, 440, 479. 
Nitro-styrencs, 4^4. 

Nitro-tartaric acid, 289. 
Nitro-thiophcnc, 664. 

Nitro-toluenes, 421, 423 . 

5-Nitrouracyl, 324. 
5-Nitrouracyl-4-carboxylic acid, 324. 
Nitro-xylene, 421. 

Noctal, 1176. 

Nonane, 29. 

Nononic acid, 737, 903. 

Nonoaes, 337, 344. 

Nonylene, 45. 
f-Nopinene, 977. 

Nopmic acid, 977, 

Nopinone, 977. 

Nopinone-semicarbazone, 977. 
Norcholanic acid, 1126. 


Norkucine, 1210. 
Norlupinane, 1004. 
ctr-Norpinic acid, 976. 
Novatophan, 1185. 

Novocame, synthesis of, 1 188. 
Novolac, 1078. 

Novonal, 1176. 

Nucleic acids, iax6. 

Nuclein, 12x0. 
Nuckoproteins^ tats, 1316 . 
Nutriacholic acid, 1107. 


OSS ortho; see OrUw^poution. 

Ocimene, 053. 

Octadec-A*-ene-i-acid, 190. 
Octadecylene, 45. 
Octadeuteronapnthalene, 892. 
Octahydroanthracene, 581. 
Octahydrodipyridobenzene, 702. 
Octahydronaphthaknes, 610. 
Octahydrophenanthrene, 593. 

Octalins, 703. 

Octamethyl-^isaccharides, 927. 

Octane, 29. 

Octet, electron, 15. 

Octoses, 337, 344. 

Octyl halides, 60. 

Octylene, 45. 

CEnanthal, 153. 

Oenin, 1 146. 

Oestradiol, 1119, 1231. 

Oestriol, 1119, 1231. 

Oestrone, 1117 , 1230. 

Oestrone, synthetic analogues of, 1123, 
Oil, carbolicj 400. 

Oil, lubricating, 41. 

Oil, middle, 400. 

Oil of bitter almonds, 490. 

Oil of cinnamon, 494. 

Oil, turkev-red, 908. 

Oils and fats, 183, 8o'>, 896 , 897. 

Oils and fats, vegetable, 896, 9 ^ 5 . 

Oils, boiled, 908, 909 . 

Oils, drying, 896. 

Oils, essential, 951. 

Oils, fish liver, 909, 1113. 

Oils from coal-tar, 400. 

Oils, semi-drying, 896. 

Oil^ sulphatcd, 908. 

Olenant gas, 48. 

Olefine bonds, 46-51, 834. See Mono- 
eneSf Polyenes. 

Olefine bonds, position of, 834. 

Olefine oxnpounds, Raman spectra, 
1274 * 

Olefine link, single. See M&no-enes. 
Olefine links, several. See Polyenes. 
Olefines, 45 . 

Olefines and additive reactions, 46, 


817-33. See Mono~enes. 

Olefines and photochemistry, 821. 
Olefines, constitution of, 50. 

Olefines, nomenclature of, 48. 

Olefines, oxidation of, 48. 

Olefines, polymerization of, 48. 

Oleic acicf, 183, 190 . 

Oleic acid ozonide, 736. 

Oleic acids, 901. 904 . 

Oleic aeries, 186. 

Oleodistearin, 898. 

Oleo-resins, 593. 

Oleyl alcohol, 909. 

Oligo-aaccharides, 336. 355, 926. 
Op^-chain compounas, 375. 

Opianic acid. 1009. 

Opium, 1006. 

Optical activity, 182, 1301. 

Optical activity and resolution, 77* “ 8 , 
781-91. 

Optical activity and symmetry, 182, 774. 
Optical activity of deuterium compounds, 
892. 
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Optically active aliphatic nitro-com- 
pounds, 810. 

Optically active silicon compounds, 791. 
Orange II. 740, 1022. 

Orange IV, 465. 

Orange G and GT, 1022. 

Orcinol, 473, 485 . 

Organo-metallic compounds, 1 36^;^ 
Ornithine, 251. 

Orsanine, 1200. 

Ortho-acids, 166. 

Ortho-carbonic acid, esters of, 316. 
Orthocarbonic ether, 234. 
Ortho-position, 389, 694. 

Osazones, 254. 

Osazones from sugars, 339- 
Osone, 343. 

Ostreaosterol, 1102. 

Ovovitellin, 1215. 

Oxal-acetic acid, 296. 

Oxalic acid, 264, 269 . 

Oxalic acid, salts of, 270. 

Oxaluric acid, 323. 

Oxalyl, 267. 

Oxalyi chloride, 270. 

Oxalyl urea, 323. 

Oxamethane, 271. 

Oxamic acid, 271. 

Oxamide, 271. 

Oxanilic acid, 445. 

Oxanilide, 445. 

Oxazine dyestuffs, 1051. 

Oxidases, 1247. 

Oxidation, 727, 728. 

Oxidation, electrolytic, 739. 

Oxidation products of polyhydric al- 
cohols, 236. 

Oxidation with carbonic anhydride, 757. 
Oxidations, catalytic, 756. 

Oxidations with aciclified dichromate, 

731. 

Oxidations with chromic anhydride, 731. 
Oxidations with chromyl chloride, 731. 
Oxidations with ferric chloride, 738. 
Oxidations with formaldehyde, 739. 
Oxidations with lead tetracetate, 734. 
Oxidations with mercuric oxide, 739. 
Oxidations with nitric acid, 732. 
Oxidations with nitro-bcnzene, 739. 
Oxidations with oxygen, 735. 

Oxidations with pcrhydrol, 734. 
Oxidations with peroxides, 733. 
Oxidations with potassium fcrricyanide, 
738. 

Oxidations with potassium perman- 
ganate, 729. 

Oxidations with potassium persulphate, 
739 - 

Oxidations with silver oxide, 738. 
Oxidations with sodium hydroxyl- 
aminate, 739. 

Oxidations with sulphuric acid, 733. 
i:i^-Oxidopentadecane, 602. 

Oximes, Beckmann transformation of, 
650. 

Oximes, configuration of, 802, 803. 
Oximes from sugars, 338 
Oximes, stereoclnemistry of, 801-4. 
Oximes, structure of, 1286. 

Oximide, 271. 


Oxindole, 668, 671. 
Oxonium cations, 613. 
Oxonium ion, 614. 
Oxonium salts, 679, 817. 
Oxozone, 735. 
Oxozonides, 735. 
Oxycelluloses, 364. 
Oxycoccicyanin, 1146. 
Oxygen, heavy, 894. 
Oi^gen, monovalent, 869. 
6-Oxypurine, JSI- 
Oxytocin, 1220. 

Oxyuvitic acid, 263. 
Ozokerite, 44. 

OzonideSj 735. 

Ozonolysis, 736. 


= para ; see Par apposition. 
aeonidin, 1146. 

Paeonin, 1146. 

Palatine dyes, 1022, 1025. 

Palladinized charcoal, 747. 

Palladium, as catalyst, 746. 

Palmatine, loio. 

Palmitic acid, 183. 

Palmitoleic acid, 901, 903 , 907. 
Palmitonitrilc, 113. 

Pantocaine, 1189. 

Papain, 1250. 

Papaveraldine, 1006. 

Papaverine, 1006. 

Papaveroline, 1006. 

Paper industry, 365. 

Para-aldchyde, 152. 

Para -anthracene, 580. 

Parabanic acid, 323. 

Parachor, 1391 . 

Paracyanogen, 302. 

Paraffin, liquid, 44. 

Paraffin wax, 41, 44. 

Paraffins, 29 , 31. 

Paraffins, constitution of, 39. 

Paraffins, isomeric, 31, 38. 

Paraffins, nomenclature of, 39. 
Paraffins, normal, 38. 
Paraformaldehyde, 150. 

Para-lactic acid, 248. 

Paraleucaniline, 556, 557. 
Paramagnetism, 870. 

Para-position, 389, 694. 

Para-red, 1021. 

Pararosaniline, 556, 558. 
Parathormone, i227i 1230 . 
Paraurazine, 320. 

Parchment paper, 363. 

Paroxazine, 609. 

Partition coefficient, 28. 

Patent green AGL, 555. 

Pectinc, 1109. 

Pecto-cellufoses, 368. 

Peganinc^ loii. 

PeUrgonic acid, 190. 

Pelargonidin, 1146. 

Pelargonidtn, synthesis of, 1148. 
Pelargonm, 1146. 

Pelargonin chloride, synthesis of, 1x52. 
Pellagra, 1224. 

Peniallium^ species of, 1245, 1246. 
Pentacetylgalactose, 351. 
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J-Pentacetyl-glucose, 350. 
Pentacetyl-hexoses, 024. 
Pentachlorocthane, 65 5 . 

IVntadccylene, 45. 

Pentadeuterophenylbenzylamine, 892 , 
Pentadeuterophenylcarboxylic acid, 891. 
Pentadigalloyl-glucose, 948. 

Pentahydric alcohols, 235. 
Pentamethylarsine, 1195. 
Pentamethyldigalloyl cliloride, 949. 
Pentamethylene-diamine, 227 . 
Pentamethyl-hexoses, 924. 

Pentane, 29. 

Pentane acid, 178. 

Pentane diacid, 275. 

Pentaphenylethane, 865. 
Pentatriacontanc, 29. 

Pentoses, 337, 345 , 911. 

Pentyl hahdes, 60. 

Pepsin, 1247, 1250 , 1255. 

Peptidases, 1250. 

Peptides, 1216. 

Peptones, 1215. 

Perabrodil, ti86. 

Perbcnzoic acid, 516. 

Perea ine, 1190. 

Perchlorether, g6. 

Perchloio-cthane, 69. 
Perchloro-ethylene, 856. 
F^erhydrocrocetin, 1135. 
Perhydronorbixin, 1134, 

Pcriplogenin, 1126. 

Perkin reaction, 662 

Perkin's synthesis of unsaturated acids, 

sn. 

Pennanent yellow R, 1031. 

Peronine, 1013. 

Peroxides, 208. 
r*erozonidea, 736. 

PerstofT, 1259. 

1 erylene, 597. 

Petrol, 41, 42. 

Petixilcum, 40 . 

Petroleum, natural composition of, 42. 
I’etroleum, organic chemicals from, 
43 - 

Petroleum, origin of, 43. 

Petroleum, refining of, 41. 

Petroselinic acid, 896, 901. 

Petunidin, 1146. 
pH value, 613. 

Phaeophorphides, 1158, 1160. 
Phaeoporphyrins, 1161. 

Phaseohn, 1214. 

Phaseolunatin, 947. 

Phellandral, 972. 

Phellandrenes, 966. 

Phenacetin, 481, 1178. 

Phcnacyl bromide, 495. 
Phenanthraquinone, 587, 588. 
Phenanthraquinones, alkylated, 588. 
I’henanthrene, 586 , 592. 

Phenanthrene and derivatives, syn- 
theses of, 587-93. 

Phenanthrene, bases from, 1011. 
Phenanthrene-9-carboxylic acid, 589. 
Phenanthrene: cyclopen teno-, iioi, 

1119. 

Phenanthrene derivatives, Pschorr syn- 
thesis of, 588. 


Phenanthrene: i ;2-dimethyl-, iiii. 
Phenanthrene : 3 - methoxy - 4:6 - diliy- 
droxy-, 1013. 

Phenanthrene : 3“mcthoxy-4-hydroxy-, 
1012. 

Phenanthrene: 17- rnethylpenteno-, 

1105. 

Phenanthrenes and hormones, 1123. 
4:S-Phenunthrylcnemethane, 59O, 
Phenarsazine, 1206. 

Phenarsazinc derivatives, 1205-7. 
F^henazine, 700. 701 . 

F’henetedines, 481. 

F*hcnetole, 477. 

Phenocoll, 1179. 

Phenol, 473, 477 . 

Phenol: 6-«-amyl-3-methyl-, 1167. 
l^henol, homologues of, 482. 

Phenolic acids, 510. 

Phenolic acids, saturated, 524. 

Phenolic alcohols, 497. 

Phenolic esters, 472, 478 . 

Phenolic ethers, 472, 477 . 
Phenol-phthalein, 562, 563 . 1186. 
Phenol-phthalein-oxime, *;64. 
Phenol-sulphonic acids, 482. 

Phenol: tnbromo-, 1166. 

Phenols, 472 . 

Phenols as antiseptics, 1166. 

F'henols, dihydric, 484. 

Phenols, monohydne, 475. 

Phenols, trihydric, 486. 

F^henoxazine, 700, 702 . 

Phenoxides, 472, 
o-Phenoxybenzoic acid, 526. 

Phenyl acetate, 478. 

Phenylacetic acid, 514, 519 , 
Phenyl-acetic acids, 519, 520. 
F^henyl-acetylene, 414. 

Phcnyl-alanme, 521, 1210, 1219. 
Phenylamine, 433. 
F^henyl-amino-propionic acids, 521. 
if-Phenylamylhydrazine, 353. 
F’henylarsonic acid, 1196. 
o-Phenyl-benzoic acid, 548. 

Phenyl bromide, 414. 
4-Phenyl-A*~butene-i-acid, 523. 
Phenylcarbimide, 446. 

Phenyl chloride, 414, 
Phenylcyanonitromethane, 810. 

Phenyl disulphide, 479. 

F’henylene blue, 1043. 

Phenyl ether, 477. 
p-Phenyl-ethyl alcohol, 489, 490 . 
Phenyl-ethylene, 413. 

Phenyl-ethyl ether, 477. 
d-Phenyl-glucosazone, 350. 
Phenyl-glycerol, 489. 

Phenylglycine, 446, 673, 855. 
Phenylglycine-o-carboxylic acid, 673. 
Phenyl-glycocoll, 446, 673, 
Phenyl-glycollic acid, 529. 
Phenyl-glyoxy'lic acid, 495, 530. 
Phenyl-hydrazine, 461. 
Phenylhydrazones, 140, 462. 
Phenylhydrazones and stereoisomerism, 
804. 

Phenyl-hydrazones from sugars, 339. 
Phenyl -hydrazones of ketones, 160. 
Phenyl hydrogen sulphate, 478. 
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Phenyl hydrosulphide, 478. 
^-Phenyl-hydroxylamine, 460. 
Phenyl-imino-butyric acid, 446. 

Phenyl iodide, 414, 

Phenyl-iodide dichloride, 419. 
-Phenyl-isocrotonic acid, 523. 
henyl isocyanate, 446. • 

Phenyl isothiocyanate, 446. 

Phenyl J acid for axo-dyes, 1028. 

Phenyl magnesium bromide, 467. 
Phenyl-methyl-carbinol, 490. 
Phenyl-methyl ether, 477. 
Phenyl-methyl-hydrazinc, 461. 
Phenyl-methyl ketone, 495. 

Phenyl mustard oil, 446- 
Phenyl-naphthalene, 576. 

Phenyl - a - naphthylbenzylmethylar- 
sonium iodide, 811. 

Phenyl-nitramine, 452. 
Phcnyl-nitro-methanc, 424, 
Phenyl-phosphine, 467. 

Phenyl -phosphinic acid, 467. 
Phenyl-propiolic acid, 514, 623 . 

Phenyl radical, 870. 

Phenyl salicylate, 525. 

Phenyl-salicylic acid, 526. 

Phenyl sulphide, 479. 

Phenyl sulphone, 479. 

Phenyl-p-tolyl mcthyltelluronium iodide, 
812. 

I -Phenyl- 1 :2:3-trihydroxypropanc, 489. 
Phcnylurethane, 1178. 

Phloretin, 947, 

Phloridzin, 947. 

Phloroglucinol, 403, 473, 486 . 

Phloxine, 1036. 

8-Phocaechoiic acid, 1107. 

Phorone, 161. 

Phosgene, 315 , 1259. 

Phosgene, photochemical formation of, 
821. 

Phosgene, resonance of, 1333, 
Phosphagens, 1238. 

Phosphalides, 895, 909 . 

Phosphatol. 1168. 

Phosphenyl chloride, 467. 

Phosphine, 1038. 

Phosphines, 131 . 

Phosphino- benzene, 467. 

Phospholipids, 895, w 9 . 

Phosphonium bases, 131. 
Phosphoproteins, 1215. 

Phosphorus, alkyl derivatives of, 131. 
Phosphorus aromatic compounds, 467. 
Phosphorus, radio-active, 895. 
Photochemical reactions, 822. 

Phthaleins, 562, 1036. 

Phthalic acid, 534. 

Phthalic anh^nae, 534. 

Phthalic anhydride synthesis, 1131. 
Phthalide, 530. 

Phthalimide, 535. 

Phthalocyanines, 1066. 

Phthalopnenone, 562 . 

Phthalyl chloride, 535. 

Phyalin, 1255. 

Phylloaetio-porphyrin, 1159. 
Phylloerithnn, 1161. 

Phylloporphyrin, 1159. 

Phyllopyrole, 1159. 


Physiological activity and constitutioJi, 
1192. 

Phytol, 1158. 

Phytosterols, 1101. 

Phytostigminc, 1001. 

Phytosynthesis, 1163. 

Phytoxanthins, 1139. 

Phytyl alcohol, 1 1 5& 

Picene, 597, 598. 

Picolincs, 686. 

Picolinic acid, 687. 

Picramide, 436. 

Picrates of aromatic amines, 431. 

Picric acid, 463, 480 , 1167. 

Picryl chloride, 424, 480, 626. 

Pigments, 1068. 

PimanthrenCj 591. 

</-Pimaric acid, 595. 

Pimelic acid, 264, 404. 

Pinacoline, 162. 

Pinacone, 222. 

Pinacone-pinacolin transformation, 645 . 
Pinacyanols, 1039, 1041 . 

Pinane, 973. 
a-Pinene, 974. 

^-Pinene, 977. 

Pinene dibromide, 975, 991. 

Pinene glycol, 975. 

Pinene hydrochloride, 975. 

Pinene nitrolpiperide, 975. 

Pinene nitrosochloride, 975. 
m-Pinic acid, 976. 

Pinole, 975. 

Pinoleglycol, 075. 
a-Pinomc acid, 976. 

Piperazine, 701, 1185. 

Piperic acid, 533, 688, 1003, 

Piperic acid piperidide, 1003. 

Piperidine, 227, 681, 688. 
PiperMylpyridine, 1192. 

Pipcn'ne, 688, 1003. 

Piperitone, 971. 

Piperon?*!, 497. 

Pipcronylic acid, 527. 

Piperyl-piperidine, 688. 

Pivalic acid, 182. 

Plant-gums and mucilages, 943. 
Plasmc^uine, 1187. 

Plasticizers, 1083. 

Plastics, 1069. 

Plastics, amino, 1081. 

Plastics, casein, 1082. 

Plastics, cellulose ester, 10^. 

Plastics, cellulose ether, 1083. 

Plastics, semisynthetic, 1080. 

Plastics, urea, 1081. 

Platinichlorides, 118,431. 

Platinum as catalyst, 745. 

Poison gases, 1259. 

Poisons, catalyst, 753. 

Poisons, heart, 1124. 

Polar colours, 1032. 

Polar yellow 5G, 1024. 

Polar yellow brown, 1019. 

Polarizability of bonds, 1289. 

Poly basic acids, 298. 

Polybasic acids, aromatic, 540. 

Polyenes, 835, 1133. 

Polyenes, conjugated, absorption spectra 
1268, 1269. 
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Polycnoid systems, 837. 

Polyhydric monobasic acids, 250. 

Poly hydroxy dibasic acids, 295- 
Polymcrism, 6. 

Polymerization, condensation, 1076. 
Polymerization of acetylene, 85^. 
Polymerization, reactive points in, 1077. 
Polymerization, theories of, 1074. 
Polymethylene derivatives, 376. 
Polymcthylencs, stability of 7 377. 
Polypeptides, 1212. 

Polysaccharides, 336, 361 , 938. 
Polysaccharides, synthetic, 942. 
Polystyrenes, 1073. 

Ponceau dyes, 1022, 1026. 

Populin, 947. 

Porphin, 1153. 

Porphyrin group, 1153- 
Porphyrin; 00-, 1153. 

Porphyrins, 1159, 1160. 

Potassium and sodium alkyls, 137. 
Potassium antimonyl-tartrate, 288. 
Potassium benzenediazolates, 453. 
Potassium carboxidc, 403, 487. 
Potassium chloranilate, 501. 

Potassium fcrricyanide, 307. 

Potassium ferrocyanidc, 306. 

Potassium indoxyl-sulphate, 668. 
Potassium myronate, 312, 

Potassium nitranilate, 501. 

Potassium oxalate-beryllium, 709. 
«-Potassium pyrrole, 662. 

Potassium thiocyanate, 310. 

Potassium xanthate, 332. 

Pratol, 1142. 

A‘-Pregnene-3-ol-20-one, 1120. 
Prehnitic acid, 540. 

Primetin, 1140. 

Primulines, 1033. 

Printing blues, 1051. 

Pristanc, 900. 

Proflavine, 1172. 

Progesterone, 1117, 1119 , 1228, 1231. 
ProMsterone : hydroxy-, 1232. 
Prolamines, 1214. 

Prolinase, 1251. 

Proline, 1211. 

Prontosils, 1170. 

Propadiene, 57, 

Propaldehyde, 153. 
Propan-2:3-diol-i-acid, 251. 
Propan-2-oI-i-acid, 246. 

Propane, 29, 37. 

Propane diacid, 271. 
Propane-3-ol-i-acid. 248. 
r-Propanctricarboxylic acid, 298. 
Propane- 1 :2:3-triol, 228. 

Propanol diacid, 283. 

Propanols, 89. 

2-Propanone, 160. 

Propargyl alcohol, 92. 

Propargylic acid, 191. 

Propene, 52. 

Propene acid, 189, 
i-Propene-3-ol, 91. 

Propinc, 57 * 

Propinyl alcohol, 92. 

Propiolic acid. 191. 

Propionic acid, 177. 

Propionitrile, 113. 


Propyl-acetic acid, 178. 

Propyl alcohols, 89. 

Propylbenzenes, 412. 

Propylene, as, 52. 

Propylene chlorides, 68. 

Propylene glycols, 222. 

Prowl halides, 60j 65. 
a-n-Propyipiperidine, 1001. 
Propylpyridines, 687. 

Proseptasine, 1170. 

Prosollanelic acid, z 1 10, 

Protaminase, 1217. 

Protamines, 1215. 

Proteans, 1215. 

Proteases, 1247. 

Proteinases, 1250. 

Protein foodstuffs, 1219. 

Proteins, 1208. 

Proteins, classification of, 1214. 
Proteins, conjugated, 1215. 

Proteins, simple, 1214. 

Proteins, structure of, 1217* 
Protocatcchuic acid. 527. 

Protocatechuic aldehyde, 497. 
Protopine, 1013. 

Protoporphyrin, 1154, 1155, 1160. 
Prototropy, 880. 

Prune, 1052. 

Prunctin, 1144. 

Prunicyanin, 1147. 

Prussian blue, 307. 

Prussic acid, 302. 

Pschorr synthesis, 588, 1131. 
Pseudo-acids, 425, 466, 1326. 
Pseudo-bases, 558, 1326. 
Pseudocumene, 4 U 6 , 412 . 
Pseudo-cumcnol, 473. 
Pseudo-cumidene, 428. 

Pseudocyanincs, 1039, 1040 . 
Pseudo-indoxyl, 668. 

Pseudo-tonone, 992. 

Pseudo-nitrols, 107. 

Pseudo-pel letierine, 603. 
Pseudo-phenols, 503. 

Ptomaines, 227, 1214. 

Pulegonc, 972. 

Purine bases from proteins, 12 n. 
Purine derivatives as diuretics, i 184. 
Purine ^roup. 327. 

Purpunc acid, 326. 

Purpurin, 584, 1054, 1055. 
Purpurofi^in, 739. 

Putrescine, 226. 

P3rramidon, 1178. 

Pyranoses, 912, 914 . 

P>Tans, 678. 

Pyranthronc, 1063. 

Pyrazine, 700, 701. 

Pyrazole, 675. 

Pyrazolidine. 675. 

Pyrazoline, 675. 

P^zolone dyestuffs, 1034. 

Pyrazolones, 675, 676. 

I^nc, 596, 597 * 

Pyrethlone, 1191. 

Pyrethrins, 119J. 

Pyridine, 678, 681 , 685 , 700, 701. 
Pyridine-carboxylic acids, 687. 

P^idinc derivatives, syntheses of 683, 

6 ^. 
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Pyridine from pyrrole, 6io. 

Pyridine, homologues of, 686. 
Pyridine nucleus, numberinjj of, 694. 
Pyridine, syntheses of, 683. 
Pvridine-2:3:4;6-tertracarboxvlic acid 
684. 

Pyridium, 686, 

Pyrimidine, 700, 701 . 

Pyrimidine bases from proteins, izii. 
Pyrimidine derivatives, izzz, 1223. 
Pyrocalciferol, 1116. 

Pyrocatechin, 484. 

Pyrocholoidanic acid, 11 10. 

Pyrogallic acid, 486. 

Pyrogallol, 473, 486 , 

Pyrogallol dimethyl ether. 486. 
Pyroligneous acid, 82. 

Pyromellitic acid, 540. 

Pyromucic acid, 662. 
y-Pyrone-dicarboxylic acid, 680. 
Pyrones, 677, 678 . 
y-Pyrones, structure of salts of, 8i8. 
Pyronine, 499. 

Pyronine G, 1038, 

Pyronine group, 564, 1036. 
Pyrosollanelic acid, r j 1 1 . 

Pyro-tartaric acid, 276. 

Pyroxylin, 366. 

Pyrroaetioporphyrin, 1150, n6o. 
Pyrrole, 657, 658, 660, 662 . 
PyTrolidine, 663. 

Pyrrolidine rings, bases with, 1014. 
Pyrroline, 663. 

PyrroporphyTin, 1159. 1160. 

Pyruvic acid, 236, 1240. 


Quaternary ammonium hydroxides, 120. 
Quaternary ammonium salts, 120, 121, 
632, 648, 650, 806, 817, 

Quaternary bases, aromatic, 441. 
Qucrcetagetin, 1141. 

Quercitin, 1141. 

Quercitol, 487. 

Quinaldine, 692, 693, 696. 

Quinalizarin, 584. 

Quinetine esters, 1187. 

Quinhydrone, 500. 

Quinic acid, 529, 696, 1004. 

Quinine, 1004 , 1177. 

Quinine salicylate, 1005. 

Quinitol, 486. 

Quinizarin, 584. 

Quinizarin green, 1055. 

Quinol, 473, 485 . 

Quinoline, 690, 691-3, 604 , 695. 
Quinoline bases, 1004. 

Quinoline carboxylic acids, 696. 
Quinoline, constitution of, 693. 
Quinoline-2 :3‘dicarboxylic acid, 696. 
Quinoline group, 690. 

Quinoline yellow, 696. 

Quinolinic acid, 688, 694. 

Quinolonium salts, 695. 

Quinomethanes, 503. 

Quinone, 444. 

Quinoneani), 869. 

/>-Quinonechlorimides, 502. 
Quinonediimide, 502. 

Quinone-dioxime, 500. 


Quinone monanil, 502. 
Quinone-monoxime, 500, 502. 
Quinones, 499. 

QuinoneSj additive compounds of, 500. 
Quinotoxme, 1005. 

Quinoxaline, 443, 701. 


Racemic acid, 285, 289 . 

Racemic compounds, 182. 

Racemic compounds, criteria for, 294. 
Racemic compounds, re.solurion of, 290, 
293.77t-4- 

Racemic sugars, resolution of, 353. 
Racemization, 293, 644, 788, 1313. 
Radicals, 23 . 

Radicals, free, 860. 

Radicals, free, in photochemical pro- 
cesses, 862. 

Radicals, methyl, ethyl and benzyl, 860. 
Radio-active phosphorus, 895. 

Raffiinose, 361, 934. 

Raman effect, 1271-6. 

Raman frequencies, 1273. 

Rational formula;, 12 . 

X-Ray examination, 1276. 

X-Ray examination, aromatic com- 
pounds, 1278. 

X-Ray examination, co-ordination com- 
pounds, 816. 

X-Ray examination, p-dinitrobenzene, 
^ 1280. 

X-Ray examination, paraffins, 1279. 
Rayon, 366, 1032. 

Reductases, 1247. 

Reduction, 714. 

Reduction by heating with metals, 723. 
Reduction by micro-organisms, 726. 
Reduction, electrolytic, 724. 

Reduction in acid solution, 715. 
Reduction in alkaline solution, 720. 
Reduction in neutral solution. 722. 
Reduction with acid and metal, 715. 
Reduction with alcohol, 723. 

Reduction with ammonium sulphide, 

724- . . ^ 

Reduction with ferrous sulphate, 724. 
Reduction with hydriodic acid, 719. 
Reduction with hydrogen sulphide, 724. 
Reduction with metal alkoxtdes, 723. 
Reduction with phenylhydrazine, 724. 
Reduction with sodium amalgam and 
acid, 719. 

Reduction with sodium amalgam and 
water, 721. 

Reduction with sodium and alcohol, 720. 
Reduction with sodium hyposulphite, 
724 - 

Reduction with sodium stannite, 723. 
Reduction with stannoua chloride, 716. 
Reduction witli sulphurous acid, 724. 
Reduction with zinc and acetic acid, 717. 
Reduction with zinc and alkali, 722. 
Reformatsky reaction, 14a, 599. 
Refraction and dispersion, exaltation of, 
851. 

Refraction^ atomic, 1298. 

Removal of COg from acids, 628. 

Rennin, IM 7 - 
Residuu anmities, 840. 
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Resin adds, 593. 

Resins, alkyd, 1081. 

Resins, natural, 1070. 

Resins, phcnol-forrnaldchydc, 1078. 
Resins, polymerization, 1072. 

Resins, synthetic, 1071. 

Resins, synthetic, soluble in oil, 108. 
Resins, thermo liardening, 1072. 

Resins, thermoplastic, 1072. 

Resolution ana optically active com- 
pounds, 77I”8, 781-91, 

Resolution of allene compounds, 781-3. 
Resolution of quaternary ammonium 
iodides, 806. 

Resolution of racemic diphenyl deri- 
vatives, 785. 

Resonance, 1331* 

Resonance energy, 1334- 
Resorcin bro^vm, 1025. 

Resorcin yellow, 466. 

Resorcine green, 1019. 

Resorcinol, 473, 484 . 

Resorcinol: 4-n-hexyl-, 1167. 
Resorcinol, monoalkyl ethers of, 1167. 
Resorcinol-phthalein, 564. 

Retene, 591, 592. 

Revertose, 360, 1252. 

Rhamnitol, 235- 
Rhamnose, 346. 

Rhigolinc, 41. 

Rhraamines, 565, 1037. 

Rhodinal, 956. 

Rhodoporphyrin, 1159, 1160. 

Ribose, 346. 
d-Riboses, 91 1. 

Ricinine, 1002. 

Ridnoleic acid, toi. 

King closure and configuration, 1318. 
Ring enlargement, 609. 

Ring systems, degradation of, 607. 
Rings, carbon, many-membered, 600. 
Rings, closed, 13 . 

Rings, fused, 794. 

Robinson's synthesis of hydrocarbons, 

Roic^lle, salt, 288. 

Rongalite, 151. 

Rosaniline, 556, 557. 

Rosaniline dyes, 556. 

Rosanilines, methylated, 559. 
Rosanilines, phenylatcd, 560. 
Rosanthrene O, 1028. 

Rose dc Bengal, 564, 1036. 

Rosin, 503. 

Rosindulines, 1048, 1049. 

Rosolic acid, 561. 

Rotation, restricted, 785, 790, 1288. 
Rotenone, 1191. 

Rubber, chemistry of, 1084. 

Rubber, derivatives of, 1090, 1097. 
Rubber, latex, 1 086-8. 

Rubber, raw, 1089. 

Rubber, vulcanization of, 1093. 

Rubbers, fillers for, 1094. 

Rubbers, synthetic, 1097. 

Rubbers, synthetic German, 1098. 
Rubbers, synthetic Russian, 1099. 
Ruberythric acid, 584. 

Rufigallol, ^84. 

Rufiopin, 584. 


Sabinenc, 980. 

Saccharic acid, 295. 

Saccharine, 519. 

Saccharinic acids, 925. 

Saccharobiose, 356. 

Saccharomyces ceret isiae, 84. 

Safranines, 1044, 1046 , 1047, 

Safrole, 483. 

St. Denis red, 1027. 

Salicin, 9^7. 1167. 

Salicyl-alaenyde, 497. 

Salicylates, 1168, 1170. 

Salicylic acid, 514, 525 . 

Salicylic acid, Kolbe's synthesis of, 525i 
Salicylosalicylic acid, 1179. 

Saligenin, 497, 947. 

Salipyrin, 1179. 

Salit, 1168. 

Salmine, 1210, 1215. 

Salol, 1167. 

Salophen, 1179. 

Salophene, 1179. 

Saloquinine, 1005. 

Salt G, 574. 

Salt R, 574. 

Salting out, 184. 

Salt of sorrel, 270. 

Salts, acid, 169. 

Salts, normal, 169. 

Salvarsan, 1201. 
Salvarsan-di-N-glucoside, 1203. 
Salvarsin, 1199. 

Sandmeyer's reactions, 451, 542. 
Sandmeyer's synthesis of isatin, 669. 
Santene, 988 , 991. 

Santenc nitrosite, 988, 

Santene nitrosochloride, 988. 
Sapogenins^ 950, 1127. 

Saponification, 76 , 102, 183. 

Sapionins, 950, 1127. 

Sarcine, 331. 

Sarco-lactic acid, 248. 

Sarcosine, 245. 

Sarmentogemin, 1126. 

Sarsapogenin, 1128. 

Saturate compounds, 24, 29. 

Saturated dibasic acids, 264. 

Saturated hydrocarbons, 29 . 

Saturated monobasic acids, 163. 
Scamnose, 934. 

Sekiff's bases, 432, 493. 

Sclcroprotcins, 1214. 

Scopine, 1016. 

Scopolamine, 1016. 

Scopoline, ioi6. 

Sebacic acid, 264. 

Secretin, 1227, 1255- 
Sedoheptose, 3^. 

Selacholcic acid, 901. 

Selinene, 995. 

Semialdehytfes, 957. 

Semi-benzene derivatives, 413. 
Semicarbazide, 321. 

Semicarbazones, 160. 321. 
a- and p-Semidines, 650. 

Sensitol, 1040. 

Sensitol red, 1041. 

Septanoses, 923. 

Serine, laio. 

Sesquiterpenes, 993. 
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Sexto], 751. 

Shale oil, 44. 

Shellac, 1070. 

Shells in atom, 14. 

Side chains, 408. 

Sidonal, 1185. 

Silicon compounds, optically active, 799. 
Silicononane, 136. 

Siliconorwl alcohol, 136. 

Silk, artificial, 366. 

Silk fibroin, izi8. 

Sinigrin, 048. 

Sirius brilliant FFR, 1052. 

Sitosterol, 1102. 

Skatole, 667 . 

Skiagraphic chemicals, ii86. 

Skrat^^i synthesis of quinoline, 692. 
Soamin, 1198. 

Soaps, 184. 

Sobrerol, 975. 

Sobrerythritol, 975. 

Sodium acetylene, 857* 

Sodium alkyls, 137. 

Sodium benzoylacetone, 707. 

Sodium benzyl, 867. 

Sodium diphenylaminc, 868. 

Sodium ethoxide, 88. 

Sodium nitroprusside. 307. 

Sodium salicylaldehyae, 707. 

Sodium salts and conductivity, 1326. 
Sodium stilbene, 867. 

Sodium sulphanilate, 470. 

Sodium triphenylmcthyl, 864, 866. 
Solanidine, 948, 1013. 

Solanine, 948, 1013, 

Solanocapsidine, 1014. 

Solanose, 934. 

Soledon colours, 1060. 

^ilanelic acid, 1 1 1 1 . 

Solubility, 26. 

Solusalvarsan, 1203- 
Soluseptacine, 1170. 

Solway blue, 1055. 

Somnal, 1174. 

Sorbic acid, 191 . 

Sorbic acid, reduction of, 841. 

Sorbine red, 1022. 

Sorbitol, 235. 
d-Sorboee, 353. 

/-Sorbose, 353. 

Sorbose bacterium, 1245* 

Spermaceti, 183, 909. 

Sperm oils, 907. 

Spinocain, 1188. 

Spiran nitrogen compounds, 806, 807. 
Spiran-pinacoline, 610. 

Spirans, 783. 

Spirit blue, 561. 

Spirits of wine, 83. 

Spirocid, 1199. 

Spirosal, ii79* 

Squalene, 900, 996. 

Stabilarsan, 1203. 

Stabilities of ring systems, 689. 
Stachyose, 361, 935. 

Starch, 368. 

Starch and cellulose, 938. 

Starch, animal^ 372. 

Starch, formation of, in plants, 369. 
Starch gum, 372. 


Starch, hydrolysis of, 370, 

Starch, liver, 372. 

Starch, moss, 372. 

Starch paste, 370. 

Starch, soluble, 372. 

Starch, uses of, 371. 

Stearic acid, 183. 

Stearinc candles, 183. 

Stereochemistry ana nitrogen, 800-10. 
Stereochemistry in allene gro^, 781. 
Stereochemistry in cyclo-paramn series, 

776. 

Stereochemistry of carbon compounds, 

771. 

Stereochemistry of co-ordination com- 
pounds, 813. 

Stereochemistry of cyclohexylidene deri- 
vatives, 782. 

Stereochemistry of olefine derivatives, 

798. 

Stereochemistry of oximes, 801 . 
Stereochemistry of phosphorus and 
arsenic, 811. 

Stereochemistry of quinqucvalent nitro- 
gen compounds, 005-9. 
Stereochemistry of silicon compounds, 

799. 

Stereochemistry of sulphur, selenium 
and tin, 811. 

Stereochemistry of tcrvalent nitrogen 
compounds, 800. 

Stereoisomcrides, absorption of, 1269. 
Stereoisomerism, 179 . 

Stereoisomerism of benzene derivatives, 

Stereoisomerism of cycloparaffins, 381. 
Stereoisomerism of optically active 
valeric acid, 180. 

Stereoisomerism of tartaric acids, 286. 
Steric effects, 626. 

Steric effects in enolization, 874. 

Steric factors, 785. 790. 

Steric factors in additions of mono-encs, 
824. 

Steric hindrance in esterification, 629. 
Steric hindrance in hydrolysis of esters, 
631. 

Steric hindrance, various examples of, 

629-33* 

Steroids, iioi. 

Sterols, IIOI. 

Sterols, stereochemistry of, 1103. 
Stevens* rearrangement of quaternary 
ammonium salts, 648, 650 . 

Stibanilic acid, 1205. 
Stibinoarsenobenzene, 1204. 
Stigmasterol, 1106, 1102. iiao. 

Stilbene, 548. 

Stilbene cferivatives, 1206. 

Stilbene derivatives and oeatrone, 1123. 
Stilbene dyestuffs, 1032. 

Stilbene orange 4K, 1033. 

Stovaine. 1x89. 

Stovarsol, 11^. 

Strophanthidm. 1x26. 

Strophanthin p, 1125. 

Strychnine, 10x6. 

Sturine, 1215. 

Styphnic acid, 485. 

Styrene, 413 . 
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Subcutin, 1188. 

Suberic acid, 264. 

Subcronc, 600, 

Substitution, 31, 60. 

Substitution, aromatic, 633 . 
Substitution, aromatic, rules for, 635. 
Substitution, directing groups in, 636. 
Substitution in aromatic compounds, 
415. 

Sub.stitution in condensed benzene 
systems, 643. 

Substitution, inductive and tautomeric 
effects in, 638. 

Substitution in heterocyclic compounds, 
642. 

Substitution, inverse, 621. 

Substitution products, 64, 67, 68, 69. 
Succinamic acid, 274. 

Succinumide, 274. 

Succinic acid, 264, 273, 1242, 1244. 
Succinic aldehyde dioxime, 662. 

Succinic anhydride, 275. 

Succinic anhydride synthesis, 1131. 
vSuccinirnide. 274. 

Succinonitrile, 224. 

Succinyl, 267, 

Succmyl chloride, 274. 
Succjnylo-succinic acid, 539 . 
Sviccinylsalicylic acid, 1179. 

Sucrase, 1247, 1256. 

Sucros^ 356 , 358, 933. 

Sudan III, 1026, 

Sugar carbonates, 938. 

Sugars, molecular rotations of, 1303. 
Sugars showing mutaisotation, 1309. 
Sugars, table of relations of, 357, 

SuMrs with acyclic structures, 924, 
Suiphamic acids, soluble, 1021. 
Sulphanilamide, 1160. 

Sulphanilamide : N>L>odedacyano>, 1 1 70. 
Sulphanilic acid, 470. 

Sulpharsenol, 1203. 

Sulpharsphenamine, 1203, 

Sulphates, higher, as soaps, 908. 
SulphitM, alkyl. 109. 

Sulpho-acetic acid, 196. 

Sulpho-benzoic acids, 519. 

Sulphoform. 1205. 

Sulphonal, 161 , 1177. 

Sulphonamides, 1170. 

Sulphonamides : p - aminobenzene*. 

1169. 

Sulphonates, 11*70. 

Sulphonation, 467. 

Sulphonephthalelns, 563. 

Sulphones, 100, 1169-7*1. 

Sulphonic acids, alipliatic, 109. 
Sulphonic acids, alkyl. 99. 

Sulphonic acids, aromatic, 467, 646. 
Sulphonium ions, 613. 

Sulphonium salts, 817. 

Sulpho-urea, 333. 

Sulphur derivatives of carbonic acid, 

siphlir , valency of, 100. 

Sulphunc acid, esters of, 108. 

.Sun yellow, 1033. 

Supra sterols, 1113, 

Sylvane, 661. 

Sylveatrene hydrochloride, 990. 


Sylves Irenes, 966. 

Symmetry, alternating axis of, 775. 
Symmetry and optical activity, 774. 
Symmetry, centre of, 774. 

Symmetry, plane of, 774. 

Sympathol, 1183. 

Sympathomimetica, 1179, 

Synephrin, 1183. 

Syntheses, early, r. 

Synthesis, asymmetric, 1322. 

Synthetic organic compounds, sourcer 
of, 2. 

Synthol, 749, 

Syringin, 948. 


Tachysterol, 11x3, 1114 . 

Tadd, 1 187. 
d-Tagatose, 353, 

Tairic acid, 902. 

Talose, 351. 
d-Talose, gi i . 

Tannic acids, 528 . 

Tannins, 528, 948 . 

Tannoform, 1166, 

Tartar emetic, 288. 

Tartaric acid, salts of, 288. 

Tartaric acids, 285. 

Tartrates, ethyl, 289. 

Tartrazine, 1024^ io34* 

Tartronic acid, 283 . 

Tartronyl urea, 325. 

Taurine, 227, 

Taurocholic acid, 227. 

Tautomeric effect, 618, 638, 830, 882. 
Tautomeric equilibrium, 883. 
Tautomeric forms, absorption of, 1270. 
Tautomeric substance, 212. 
Tautomcrism, 871 . 

Tautomerism and ionization, 880. 
Tautomerism and unsatunition, 880. 
Tautomerism, dyad system, 878. 
Tautomerism, keto-cycK)! system. 886. 
Tautomerism, keto-enoljc, 260, 262. 
Tautomerism, keto-lactol system, 886. 
Tautomerism, lactam-Iactim, 1270. 
Tautomerism, mobility in, 88 1. 
Tautomerism. pentad systems, 884. 
Tautomerism, ring-chain system, 886. 
Tautomerism, types of, 877, 
Tautomerism, three carbon and other 
systems, 879. 

Tautomerism, valency, 887, 888, 890. 
Tenasco fibre, 367, 

Tcrebic acid, 975. 

Tercphthalic acid, 536. 

Teresantalic acid, 991. 

7 ’erpadiencs, 962, 965, 966, 977 
Terpene dihydrochlorides, 961, 963, 
... 

Terpene mtrolanunes, 961. 

Terpene nitrosates, 961, 964. 

Terpene nitrositea, 961, ^5, 977. 
Terpene nitroso*chlorides, 961, 964, 965. 
Terpene tetrabromides, 961, 963, 966. 
Terpenes, acyclic olcfinic, 952. 
Tcrpencs, acyclic, ring formation in, 960. 
1 erpene* and camphors, 95 1 . 

Terpeneg and ring stability, 991. 
Terpencs, bridged, 973. 
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'I’erpenes, dicyclic, 973. 

Terpenes, monocyclic, 961. 

Terpenes, vsynthesis of monocyclic, 970, 

I erpcnes, tricyclic, 991. 

Terpenes with seven - membered ring, 
996. 

Terpenylic acid, 970, 975. 

Terpin, 971 . 

Terpin hydrate, 969, 971 . 

Terpinenes, 965 , 969. 

Terpineol from geraniol, 960. 
d-Te^ineol from /-linalool, 960. 
Terpineol nitrol piperide, 969. 

Terpineol urethane, 969. 

Terpineols, 969 , 976. 

Terpinolene, 966 , 969. 

Testosterone, 1117, 1121 , 1228, 1231 . 
Tetra-acct-hydrazide, 213. 
Tetra-acetobromoglucosc, 341. 
Tetra-alkyl-hydrazines, 462. 

1 :2:4:8-Tetrabromo-/)-menthane, 966. 
Tetracetylene-dicarboxylic acid, 283. 
Tetrachlorethane, 855. 

Tetrachloro-q uinone, 50 1 . 

Tetradecane, 29. 

Tetradeccnoic acid, 903. 

Tetradecylene, 45. 
Tetra-ethylammonium, 869. 
Tetra-ethyl-rhodamine, 565. 
Tetraethyl-silicane, 136. 
Tetra-ethyl-tetrazine, 125. 
Tetrahydroanthracene, 58 r . 

Tetiahydro- benzenes, 410. 
Tetrahydrobisaboline, 994. 
Tetrahydro-naphthols, 574. 
Tetrahydro-a- and j8-naphthylamines, 
572 . 

Tetrahydroquinonc, 500. 
Tetrahydrothiophene, 664. 

1 ;2:4:8-Tetrahydroxj'meihane, 966. 
7 ’etra-iodo-pyrrole, 662, 1x69. 
Tetrakisazo dyestuffs, 1029. 

Tetralin, 751, 

Tetraraethylammonium compounds, 
123. 

Tetramcthyl-bcnzenes, 412. 
Tetramcthyl-di-fi-amino- triphenyl- 
methane, 555. 

Tetramcthyl-diamino-triphenyl-car- 
binol, 555. 

Tetramctnyl-diamxno-xanthone, 699. 
Tetramcthy I -ethylene glycol, 222. 

1 :3 *.4:6 - Tetramethy 1 fructo - furanose, 

2 :3^:4?i^?8^amethylgalactopyrano8e 
429 / 929 » 933 . 

Tetramcthylglucomc acid, 916, 931. 
Tetramethyl glucono lactones, 916, 922, 

2 .3% :< 5 »-^etramcthylglucopyrano 8 e, 928, 

^931,932,033. 

Tetramethy Iglucose, 916. 
Tetramethyl-o-manno lactone, 927. 
Tetramethyl-phosphonium hydroxide, 

132. 

Tetramethyisaccharic acid, 916. 
Tetramethyl silicane, 136. 
Tetramethylstibonium hydroxide, 135. 
Tetramethylene-diamine, 226. 


rctramethylcne-imine, 663 . 
'retrunitromethanc, 107, 832. 
r-Tctraphcnylethane, 565, 8(15, 1130. 
"Pctraphenylhydrazine] 868. 
Tetraphenylpyrazine, 701, 
Tctraphenylquinodimethane, 503 . 
Tetrapheny 1 -thiophene, 664. 
Tetruphenyl-m- (and />-) xylene di- 
chlorides, 867. 

Tetrazole, 677. 

I'ctrolic acid, 191. 
v-Tetronylacetic acid, 1246. 

Tetroses, 337, 345 , 911. 

Thallium compounds, chelate, 708. 
Theine, 331, 

'rheobromine, 331. 

Theophylline, 331. 

Theophylline, synthesis of, 1184. 
Thiacetamide, 214. 

Thiacetanilide, 214. 

Thiamides, 214. 

Thiazine dyestuff’s, 1053. 

Thiazines, 699. 

'I’hiazole, 676 . 

Thiazole derivatives, 1223. 

Tliiazole dyestuffs, 1033.' 

Thiazoles and vulcanization, 1096. 
Thio-acetanilide, 445. 

Thioacetic acid, 209. 

Thio-acids, 209. 

Thio-alcohols, 97. 

'rhio-benzamide. 417. 

Thiocarbamic acids, 333. 

Thiocarbamide, 333. 

Thiocarbonic acids, 332. 

Thiocarbonyl chloride, 332, 

Thiocol, 1168. 

Thiocyanic acid, 301, 311. 

Thiocyanic acid, salts of, 310. 
Thiocyanic esters as insecticides, 1192 
Thiocyanines, 1040, 1042 , 

I'hio-ethers, 08, 90. 

Thiofla vines S and T, 1033. 
l^hioindigos, 1058, 1059. 

Thionaphthene, 666. 

Thionine blue, 1053. 

Thiophene, 657, 658, 660. 661, 663 . 
Tliiophcpe-sulphonic acia, 664. 

Thio- phenol, 478. 

Thiophosgene, 332. 

Thio-urea, 301, 333 - 
Thio-ureas, 433. 

Thorpe reaction, 880, 

/-Thx^iuc acid, 943. 

Threonine, 1210. 
d-Threose, 911. 

Thrombase, 1247. 

Thrombin, 1247. 

Thujane, 973, 980. 
lliujane, s^thesis of, 848. 

Thuienes, 980. 

Thujone, 988. 

Thymine, 12x1, 1217. 

Thymol, 473, 483 , 969, 1166. 
Thymonucleic acid, 1215. 

Thyroxine, 1227, 1228 . 

Tienumn Reimer reaction, 497 , 510. 
Tiglic acid, 190. 

Tigogenin, 1128. 

Tigonin, 1128. 
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T.N.T., 423. 

a- and / 3 -Tocopherol, 1226. 

Tolamine, 1171. 

Tolane. 549. 
o-T'oliaine. 545. 

Toluene, 406 , 411 . 

/)-Toluene-8uJplunute, resolution of, 813. 
Toluenes, 607. 

Toluic acids, 514, 619 . 


Toluidides, 444. 

Toluidines, 428, 436 . 

Toluylene blue, 1043. 

Toluylene red, 1045. 

Tolyi-acetic acids, 514. 
^Tolyl-/>-aminophenyl sulphoxide, 813. 
Tolvl-diphenyl-methanes, 553. 
a-Tolyl-/3' phenyl-propane, 579- 
Toxicarol, 1191. 

Toxines, 227- 
Toxisterol, 1113. 

Trans acids, 382. 

Trans-elimination in oximes, 803. 
Transition temperature, 291. 

Trehalose, 360. 

Triacetonc peroxide, 209. 

1:2:4* Triacetoxy benzene, 641. 
Triacetyl-benzene, 402. 

Triacetylgalloyl chloride, 949. 
Trialkylaulphoniuni salts, 100. 
2:4:6-Triallylphenol, 653, 

3 ' :2 :a -Trianminoazo-benzenc hydrochlo- 
ride, 465. 

Triamino-d i phen yl-toly I- methane , 565. 
Triaminotriphenylmethane, 5 56. 

Trial ylamines, 439. 

Triazo-acetamide. 128. 

Triazo-acetic acid, 128. 

Triazo-acctone, 128. 

I'riazo-compounds, aliphatic, 128. 
Triazo-ethyl alcohol, 129. 
Triazo-ethylcne, 129. 

Triazole, 677. 
r-Tribromo-phenol, 479. 
Tribromoresoquinone, 502. 
'rVicarballylic acid, 29S. 

Trichlorhydrin, 69. 

Trichloro-acetal, 1^3. 
Trichloroacetaldoxime, 1259. 
Trichloro-benzenes, 418. 
Trichloroethylene, 71, 855. 
Trichloro-phcno-malic acid, 404. 
Tricosane, 29. 

Tricresyl phosphate, 1084. 

Tricyclene, 978, 991. 

Tridecylene, 45. 

Triethanolamine, 124. 

Tricthylaminc. 124. 

Triethylarsine, 134. 
Triethylcarbanatogallic acid, 948. 
Triethylin, 230. 

Tricthyl phosphine, 132. 

Trigonelline, 1247. 

Trinydric alcohols, 228. 

Trihydrocyanic acid, 304. 
Trihydroxybutyric acid, 943. 
Trihydroxy-glutaric acid, 295. 
i;2:8-Trihydroxymcnthane, 970. 
Trimcllitic acid, 540. 

Trimesic acid, 540. 

Trimethyl-acetic acid, 182. 


Trimcthylamine, 123. 
/-Trimetnylarabinosc, 915. 
Trimcthyl-y-arabinose, 021. 
/-Trimetnyiarabonic acid, 915. 
Trimethylarabonolactones, 915, 9i7» 
93 . 3 - 

Trimethyl-arsine, 132, 134, 1246. 
3;4:6-Trimethylfructofuranose, 941 . 
Trimethylfructuronic acid, 917, 933. 
Trimethylglucopyranoses, 928, 929, 930, 
934 - 

Trimethyl-phenyl-ammonium hy- 
droxide. 441. 

Trimethyi-phosphine oxide, 132. 
Trimethylstibine, 135. 
Trimethylsuccinic acid, ^81. 

Trimethyl- vinyl-ammonium hydroxide, 

227. 

1 :3:7-Trimethyl-xanthine, 331. 
r-Trinitro-chloro-benzene, 423. 
Trinitromethane, 107. 
i-Trinitrophcnol, 480. 

Trinitro-toluene, 423. 
Trinitro-triphenyl-carbinol, 553. 
Trinitro-triphenyl-methane, 5 53 . 
Triolein, 183. 

Trional, 1177. 

Trioses, 337, 345 , 91 1. 

Trioxy methylene, 150, 1279. 
Tripalmitih, 183. 

Triphenylamine, 441. 
r-Triphenjrl-benzene, 545, 1130. 
Triphenyl-carbinol, 552. 
Triphenyl-carbinol-o-carboxylic acid, 
562. 

Triphenyl-fuchsine, 561. 
Triphenyl-»littethane, 552. 
Triphcnyl^incthane dyes, 553. 
Triphenyl^methane-carboxvlic acid, 562. 
Triphenyllttethyl, 860, 863 . 
IViphcnyjN^jli^ethylamine, 552. 
Triphenyliilliethyl bromide, 552. 
TriphenyUlMSthyl cations and anions, 
86s. 

Triphenylmethyldiphenylamine, 868. 
Triphenylmethyl iodide, 863. 
Triphenylmethyl peroxide, 863. 
Triphcnylstibine sulphide, izoq. 
Triphenylene, <{97, 598 . 
Trisazodyestiiffs, 1029. 

Tristearin, 183. 

Triterpenes, 9^6. 

Tri-thiocaihonic acid, 332. 
TriticonucJelc acid, 1215. 

Tropawlincs, 465. 

Tropeines, 1014. 

Tropcines, syntnetic, 1 188. 

Tropic acid, 514, 530 , 1014, 

Tropidine, 1015. 

Tropine, 1014. 

Tropine-carboxylic acid, 1015. 

Tropine oxide, ioi6. 

Tropinic acid, 1015. 

Tropinone, 1000, 1015. 

Truxillic acids, stereoisomeric, 775. 
Truxinic acids, stereoisomeric, 778. 
Trypan red and blue, 1171. 
Tryparsamidc, laoo. 

Trypsin, 1247, 1350 . 

Tr^tophan, 1219. 
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Tryptophane, 1211. 

Tuberin, 1214. 

Turn bull’s blue, 307. 

Turpentine oils, 974. 

Tutocaine, 1189. 

Tylnatrin, 1167- 

7 'ypes of carbon compounds, 12. 

Types, llieory of, 6. 

Tyramine, ri8i. 

'I’ynan pu^Ie, 1058. 

Tyrosine, 526 , 1210. 

Tyrosine derivatives, 1228. 

Uleron, 1170. 

Vlmann*s reaction, 544. 

Umbelhc acid, 533. 

Umbelliferone, 533. 

Undecalactone, 250. 

Undecane, 29. 

Undecylene, 45. 

Unimolecular films, 1328. 

Unsaturated acids and double bond, 833. 
Unsaturated acids and partial esteri- 
fication, 834. 

Unsaturated acids, separation oi a^- 
and /?y-, 833, 834. 

Unsaturated acids, structure of, 903. 
Unsaturated compounds, iodine value of, 
836. 

Unsaturated hydrocarbons, 70. 
Unsaturated monobasic acidpi i»6. 
Unsaturation, 817. / 

Unsaturation and physical properties, 
850. ’ 

Unsaturation, and tautometifim, S80. 
Unsaturation, colour test 832. 
Unsaturation, degree of, Sjfk 
Uracil, 1217- 
Uradai, 1176, 

Uramil, 325. 

Uraninc, 1036. 

Urea, 301, 315 . 

Urea: dimethylol-, 1082. 

Urea formation, 653. 

Urea, salts of, 320. 

Urea, structure of, 319, 

Ureastibamine, 1205. 

Ureas, acylated. 321. 

Ureas, alkylated, 321. 

Ureides, 321, 322. 

Ureido-acids, 322. 

Uretc, 665. 

Urethane, 317 . 

Urethanes as hypnotics, 1 176. 

Uretidinc, 665, 

Uretidone, 665. 

Urctine, 665. 

Uretonc, 665. 

Uric acid, 33 ^. 

Uric acid eliminanta, 1184. 

Uric acid products, 330. 

Uric acid, structure of, 329. 

Urol, ti8s. 

Uro-porphyrin, xiss- 
Uroselectan, xi86. 

Urotropine, n66. 

Ursodesoxycboiic acid, 1 107. 

Uvaleral, 1176. 

Uvitic acid, 536. 

Uzarigenin, 1126. 


Vaccenic acid, 901. 

Vacciiin, 923. 

Valencies, subsidiary, 703. 

Valency, abnormal, 859. 

Valency and electrons, 14. 

Valency tautomerism, 887, 888, 890. 
Valency, theory of, 6. 

Valeric acids, 178 
Valcrobromine, 1175. 
5 -Valerolactone, 677. 

Valeronitrile, 113. 

Valine, 1210. 

Vanil alcohol, 497. 

Vanillic acid, 527. 

VaiuUin, 497, 498 . 

Varianose, 943. 

Vaseline, 41, 44. 

Vasicine, ion. 

Vasopressin, 1228. 

Vat dyestuffs, 1057. 

Veratric acid, 527. 

Veratrole, substitution in, 636. 
Veronal, 1176. 

Victoria dyes, 483, SS5, 1035. 
V 7 dal-black, 1056, 

Vinegar, manuiacture of, 174. 
Vinethane, 1175. 

Vinyl acetate, 854. 857. 

Vinyl-acetic acid, 190. 

Vinyl alcohol, 91. 

Vinyl chloride, 70, 857. 

Vinyl compounds, 857 
Vinyl ether, 1175. 

Vinyl ethyl ether, 97. 

Vinyl groups in carbon chain, 843. 
Vinyl nalides, 61. 

Vinyl polymerides , 1 073 . 

Vinyl sulphuric acid, 857. 
Viotamines, 1037. 

Violanin, ii 47 - 
Violuric acid, 325, 

Viscoid, 367. 

Viscose, 367. 

Viscose-rayon dyestuffs, 1032. 

Vis vitalis, i . 

Vitamin A, ri35. 1221, 1227. 
Vitamin A, perhydro-, 1136. 

Vitamin Bi, 1221. 

Vitamin B2, 1223. 

Vitamin B3, iii6. 

Vitamin Bo, 1224. 

Vitamin C, 943, 1224- 
Vitamin D, iii 3 » * 225 » 1227. 
Vitamin D2, 1113, 1225. 

Vitamin D3, 1226. 

Vitamin E, 1226. 

Vitamin G, 1223. 

Vitamin Ki, 1227. 

Viumins, 1113, 1x16, 1221. 

Vulcan dyes, 1032. 

Vulcanization, accelerators for^ 1095. 
Vulcanization, coefficient of, 1094. 


Wagrter^^erwem rearrangement, 646, 

Wa^ inversion, 644, 1315^ . 
Wandering of acyl groups in sugar*, 
935 * 

Wandextng of radical, 458. 
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